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'The interpretations and conditions are those of the authors and contributors, however, 
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Preface - ' 

■ ■ • . \ 



Early in 1980 the National Science Foundation asked the * 
American Association for the Advancement of Science 
(AAAS), through its Committee on Science, Engineer- * 
ing, and PubHc Policy (COSEPP), to prbvide it with 
assistance in the preparation of the second Five Year 
Outlook for Science and Technology . The Outlook, man- ~~ 
dated by -Congress in the National Science and Tech- 
nology Policy, .Organization and Priorities Act of 1976 * 
(P.L. 94-282), is intended, in part, to identify and de- 
scribe* national problems in which^ scientific and tech-, 
nological considerations are oWoj^ significance and - 
which warrant special attention by policymakers during 
the next five years. It is also intended to suggest oppor^ 
tunities for — and constraints orn— using sciehtific andj 
technological capabilities to contribute to the resolution * 
of .these problems and to achieve other national goals. 

The AAAS Five Year Outlook Project was designed 
to address these public policy elements of the second 
Outlook. An ad hoc cpmmittee, constituted as a sub- 
committee of COSEPP, served as an advisory body to 

"The project. A list of it& member! -and the fiill COSEPP 
meml)ership list appear in the Acknowledgements section. 

The first task of the Advisory Committee was to iden- 
tify the 'issues to be treated in the project. For this pur- 
pose, the Committee* employed a compilation of poten- „ * 
dally, relevant issues and issue-clusters developed by 

t AAAS staff on the basis of issues lists obtained from the 
Congressional Research' Service, the House Committee 
on Science and Technology,* the Officq of Technology 
Assessment, the Office of Science and Technology Pol- 



/ 

icy, ancfrthe AAAS itself, as well as other sources, such 
as the New York Times Index. The Committee reviewed 

* the staff compilation and supplemented it with a number 
of its own suggestions. It then used a set of criteria 
developed by staff to evaluate the issues and select those 
that would be treated iiuhe project. The criteria included. 

* • importance of the issue to the national interest (higher 
priority for issues with greater overall impact on the 
future of the nation and relation to closely-held values 
of the American people); ' ^ 

• time-sensitivity (nof just immediacy, but concern for 
/ long-range consequences if no action is taken during' 
i the next five* years); 

• • involvement of science and technology *{cznivz\\\.y of 
their role in the issue and associated^qblems or in 
possible solutions); . 

• breadth relation to 'other issues (definition in a 
manner sufficiently broad so that the papers could be 
reviewed and discussed jointly and so each would help 
illuminate the others); 

• adequacy of existing institutions to'deal with the issue 
(higher priority to issues for which existing institu- 

^ ^ tional arrangements are inadequate); ^ 4 - v 

• contentiousness, (preference to issues around which 1 
there is substantial confusion or misunderstanding); 

• novelty (less priority for issues which have received 
extensive attention recently, especially in the first 
Outlook). 
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390 . Xaas policy outlqqk * 

Tfye Advisory Committee identified two sets of issues. • 
one set centering* primarily on an international themQ, 
the other on a domestic theme. For each of the issues, 
an individual with a solid command of both the academic 
literature and the policy environment was commissioned 
to prepare a paper defining the issue, describing what is 
known about it. including the best available projections 
of how the issue is likely to develop overlhe next several 
decades, and focusing on the policy implications for U.S 
science and technology during the next five years. 

In order to provide for a careful [Jeer review of each 
of the papers, as well as to explore the inter-selatipns 
among the paper topics and to address the larger context 
within which the tppics are. embedded. AAAS convened 
two workshops, one organized around the international 
thfcme, "Towards Peaceful Change. Science, Technol- 
ogy, and International Security." the^ other around the 
domestic theme, "Applying Science and Technology to 
Public Purposes " • 

The "International .Security" workshop was held 1 1- 
-13 November 1?80 in St. Michaels. Maryland, andat- 
tended by 34 people. First drafts^ of five of thfc .papers 
which' appear in Part 11 of this report (Chapters 7-11) 
were presented at tjiis workshop. The "Public Purposes" 
workshop was held 10-12 December 1980 Hilton 
Hd^d, South Carolina. Thirty-five people attended, and ' 
drafts of four of the papers from Part I of thfs volume 
"(Chapters 2-5) were presented. Names of workshop par- 
ticipants may be found in the Acknowledgements section 
at the end<of this report. 

The participants at each workshop constituted a di- 
verse group of experts in* various aspects df science, 
technology, and *public policy. Each participant wasi 
qualified to'serve as a technical reviewer for at least one^ 
of the commissioned papers. Participants were selected 
to represent a range of policy perspectives, ^disciplines' 
backgrounds, and Institutional affiliations. They were 
'drawn from universincs, government agencies, industrial 
firms, and non-profit organizations, and included de- 
' mographers, ComputerLand information scientists, ge- 
ologists, economists, microbiologists, agronomists, and 
persons from a host of other fields. ' # 

Df afts of Jhe' papers were sent to the participants in 
advance of each workshop, and each brought to the work- 
shop <a written review of the paper closest to his or her 
area of special expertise. The first part of each workshop 
was devoted to intensive small group sessions in which 
the reviewers met with the paper authors to discuss their 
comments and to provide the authors with suggestions 
for revision. Subsequent workshop sessions, both small 
group arid plenary, were^devoted to exploration of inter- 
relationships among the papers and to discussion of 
broader questions surrounding' the paper topics. 

In'order to capture the outcome of the workshop de- 
liberations, an additional paper — a 4 'Synthesis essay" — 
wa§ commissioned for each workshop. The task assigned 
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to the authors of these synthesis essays was to atteftd the 
workshop^ to digest the key elements of the papers pre- 
sented there, as well as the essence of the discussions 
thaX took place, arid to prepare a paper (hat addressed the 
workshop theme and could serve in lieu of formal work- 
shop proceedings. The ^vnthesrs essays were conceived 
as papers that, ideally, would be viowed by the authors 
of the -workshop papers and by the workshop participants 
as incorporating and fairly representing their papers and 
deliberations'. At the same time, the synthesis, authors 
were expected to dr$w upon their own knowledge and 
expertise to provide overall structure, organization, and 
thematic unity that would go well beyond simple 
reportage , 

Revised drafts of the papers resented at the work- 
shops, plus drafts of the* synthesis essays, were sent to 
participants for an additional round of review several 
weeks after each workshop Reviews were also solicited 
from a variety of othe'r individuals who, had. not attended 
the workshops^ The final products, as presented in this 
report, have benefited from the, reviews and workshop 
discussions Nevertheless, it should be pointed out that 
they remain individual statements No attempt was made 
to force consensus among the workshop participants, and 
many participants, jio doubt, disagree with interpreta- 
tions and policy positions contained in the papers Sim- 
' llarly, the Advisory Committee and the AAA^v while 
seeking to assure, that the papers and workshops were 
soundly based and of the highest quality t present thetft 
here in order to call attention to, and help illuminate 
discussion of v what they regard as vital issues — not'to 
advocate particular points of view. 
> Numerous individuals contributed to this project and 
deserve credit' for rts accomplishments We Can only 
begin to list thenf: First we' must nbte'the central role 
of the Advisory Committee. Its distinguished members* 
whose names are listed at the end of this report, were 
extremely conscientious in fulfilling their responsibili- 
ties,' contributed innumerable ideas, and provided 
thoughtful guidance throughout the course of the project 
We are all deeply in their debt. \ v 

Most evident in, this report, of course, are the contri- 
butions of the paper authors—both the authors- of the 
original Workshop papers and the authors of the synthesis 
essays. These capable and dedicated individuals labored 
under extremely tight deadlines, met them, > subjected 
themselves and the products of their labors to intense 
scrutiny by groups of their peers, and cheerfully main- 
tained both their equilibrium and a commitment to the 
project throughout. Less evident, perhaps, but no less 
important in the end, were the efforts of the workshop 
participants, who gave generously of their tjme and en- 
ergy to review successive drafts of the papers, to discuss 
their revtews with the authors, and, in a sometimes dif- 
ficult intellectual exercise, to search for the broacler 
themes linking truTpapers tp one another. All of these 



mdtvtdualsT as well as the numerous outside reviewers 
who provided hiail reviews of tire papers, have our sin- 

. cere gratitude. 

Thanks are 'due also to William A Blanpied and Alan 
Leshner of the NSF OTfice of Special Projects, andjo 
William D. Care>, J. Thorfms Ratchfonl, and William 
G. Wells, Jr.. of the AAAS, all of whom had oversight 

' responsibiht> for the project in one sense or another, for 
their support and guidance, as well as for helping to 

' prov ide a strong sense of purpose and a commitment to 
quality in the overall enterprise. 

Among those who, in one phase or another lent- their 
hands, hearts^ and- minds to the project, and to whom 
we are grateful, ace; Andrew Tolmach, summer intern 
at AAAS, wfio helped develop the list of candidate issues 
and selection criteria and helped define the paper topics, 
Ann Becker and Vicki Killian of Ann Becker and As- 
sociates, who guided the development and implemen- 
tation of the workshop process: Came' McKee. who ed- 
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ited the final manuscript, Joellen Fntsche and Marlene 
P<?vich, who helped design and t>ped the report, and 
Ginger Payrie, who lent her secretarial and administrative 
skills to Jhe project at severaL critical points A special 
note of thanks must go to Jill Pace Weinberg,* whose 
title ofcproject secretary administrative assistant barely 
begins to suggest the extent of her contributions. 

We feel content that we *speak for all of these con- 
tributors and the man> others from whose advice and 
assistance we henefited in expressing the sincere hope 
that* this effriil mi\ bear fruit in improving our under- 
standing of and ability to handle public polic> issues 
involving science and technology. 

Ray Thornton Albert H. Teich 

. Chairuian, Advisory s Project Director 

Committee ' Washington, DC 
Jonesboro, Arkansas 
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Observations-: Racing the Time Constants 



William D. Car ex* 



If we have learned anything at all about the uses of 
science and Vechnology in the postwar years, it is that 
they have an unmistakable influence' on contemporary 
trends and outcomes. The$ r ha\e helped to make the 
world smaller spatially, and larger^ numerically . They^ 
have multiplied our choices and scaled up our risks. They 
have put men into space and opened a new 'arena for 
warfare. The> have, illuminated man's beginnings and 
shaken age-old postulates about his worth and destiny. 
Thev have unlocked material Abundance and laid .new 
burdens on irreplaceable resources. Thev have expanded 
man's potential and dramatized his limits. Thev have 
advanced clarity arid magnified uncertainty. They have 
penetrated the deepest reaches -of knowledge and held 
a world hostage on the edge of crisis. 

We have no reasons to suppose that science and tech- 
nology will abate their influences upon trends and out- 
comes, and many reasohs to expect that they will con- 
tinue to shape society's choices" and dilemmas. What is 
unprofitable is to try to outguess the rate of advancing 
knowledge and the forjns and effects of its applications 
through technology. But it is a very different%natter to 
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recognize and array the emergept national and global 
issues confronting the United States and to explore with 
care the contributions that science and technology could 
make in managing such issues What this report for the 
National Science Foundation seeks to do is to bring to 
the fore, for., Congress and the concerned public,, issues 
of high policy saliency where time js not on our side, 
and where the involvement of science and technofag} 
is large and growing. 

Left to tberftselves and tcra'business-as-usual system 
of decision-makings science and technology will not ex- 
tricate us from the trouble that is brewing. How, science 
and technology are deployed, toward which goals, and 
at what rates of effort, all depend under our system upon 
the behavior and the quality of the nation's policy ap- 
paratus and. to be sure, on the public" consensus that 
legitimizes decision-making. In«each of the issue-areas 
with which this' report deals, both time and information 
are central to deciding how the nation's policies are, to 
be positioned and carried out. When lead time is wasted 
it cannot be recovered. If information is so shallow that 
policy routes cannot be laid out with' confidence, inaction 
and confusion take the place of resolution. We cannot 
look to science and technology to dictate policy routes, 
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but' we require a broad and deep scientific and teehno- 
Ip^ical base upon whicrno construct and adapt our policy 
actions. The measure of that base is not represented by 
the mon6y spent publicly -and privately upon research 
and development, but in Jhe appropriateness and the > icld 
of these investments relative to the agenda of salient 
problems tiiaf we face. It is in this sense that polic> for 
science and technology, interbreeds with economic, do- 
mestic, nati^ial security , and foreign policies. 

The eleven papers that compose the AAAS contri- 
bution to the Five Year Outlook do not begin to resemble 
a definitive catalog of the issues that will trouble Amer- 
ican scientific, technological, and public policy over the 
next five years. But trie papers Uo address representative 
issues of policy, and collectively the> have the striking 
gffectof repealing institutional gaps in our national pol- 
icy machinery relative to dealing with the time constants 
that are present in varying degrees m the mix of issues 
It is possible to read the report from cover to cover, 
swimming through the troubled waters sketched b> vera, 
competent authors. .and finally put it down with a sense 
of an overwhelming agenda It is possible also to pick 
and choose among the issues, arraying some in an ec- 
lectic structure of priority, although the AAAS itself has 
not presumed^ rank them." But if the report as a whole 
has objective validity, it should drive us, to ask whether 
our national policy machinery is up to the job of recog- 
nizing and dealing with the strategic choices that will be 
required to bring science and technology's weight to 
bear, effectively and in time, on the management of these 
issues. One's basis of confidence, on this score, is very 
low. The meanings of an exercise in projectfng salient 
'policy issues over a five-year .period lie in questioning 
society's institutional capacities to formulate and manage 
multisectoral strategies aimed towards modifying or al- 
tering future outcomes of near-term issues. For a plur- 
alistic society, the institutions favored by command 
economies are not available. Straight line policymaking 
does not fit our constitutional practice, A middle road, 
on wh'ich an informed political consensus is harnessed 
to decision-making, and is driven by a recognition of 
time constants, is the evident choice. / 

It might be objected that, such counsels veer towards 
imagining the impossible. Yet, we are now witnessirjk 
something that not long ago would have seemed^n- 
lmaginable, as the government's ^budgetary, monetary, 
regulatory, and tax strategies interactivity he mecha- 
* nispas of the market economy in designmg^nd pursuing 



integrated goals for the nation's' political economy If 
rationalizing the nation's economic agenda is within our 
institutional capacity, other problems requiring ration- 
alizing may not be out of reach. The lesson could well 
be that complex public issues, not 'excluding those In* 
volving the timely and effective uses of science and 
technology, are* more likely to respond to coherent 
"process" management than tc^ pretentiou^organiza- 
tfonal inventions. 

Such process innovations adf not self-generating, es- 
pecially in the case of issues that are not built ( as close * 
to the ground as the state of the domestic economy With 
few exceptions, the issues treated in this report are in 
differential stages of development and calibration What 
the> have in common, however, is the perceived time 
constant, which is one thing in the case of population 
growth and something else (highly uncertain) in the case 
of materials and energy resource depiction The makeup 
of '•process" management is not hkel) to be uniform 
in # dealing with the horizon of issues that we have treated 
in these papers. From one issue to another, the process 
would call for different inputs of puBhc policy, long- 
term corporate strategy, incentives and disincentives, 
collaborative R&D', and upgraded pohc> research in- 
cluding the social and economic sciences 
Spheres of responsibility will also look different froyn 
" issue to issue, and it isjiot the thesis of this report that 
all responsibility converges on government and its in- 
stitutions. Some responsibility does, however The na- 
tional interest is- high across the whole array of issues, 
including those beyond the reach of the United States 
alone. Because none of the issues is unaffected by gov- 
ernment's actions ar^l failures of action, the very min- 
imum responsibility of government is to organize itself 
in the best sense of "the national security" to keep lively 
surveillance over the development of issue areas, and to 
see to it that net assessments are made frequently and 
assimilated by the Congress and the planning arms of 
" ,aur national security and domestic policy machinery 
^ t^The^residual concern that arises from a study of this 
' % ' jfinp is/riot trivial. It is that the problems are outpacing 
-^eagualUy and intensity of our responses, and by wid- 
ening margins. The potentials of science and technology 
are not being pressed, much less strained, to meet the 
national*" interest. As the lead times shorten, driven by 
the time constants. riSjc and vulnerability mcredsc. In the 
prophetic phrase of Thpmas Wolfe, a wind is rising and 
the rivers 
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INTRODUCTION 

We live in an era of continuing scientific advance and 
technological change. 1 This statement, a truism srnce 
perhaps the sixteenth century, usefully orients us to the 
source of our present concerns. Not one but many sci- 
entific ^nd technological revolutions go on around us 
"'every day; for example, revolutions in consumer elec- 
tronics, information and communications technologies, 1 * 
and molecular biology — all of which are discussed in the 
papers in this volume. The scope and rate of change* 
severely strain the capacity of existing economic, social, 
and political institutions to respond. "Whirl is king," 
as Aristophanes wrote, , "having deposed Zeus." , ' 

Not surprisingly, the range and complexity of 'Scien- 
tific and technological change are such thafall contem- 
porary societies, industrialized or developing, grapple 
with the effects of such change through their national 
governments. Few, if any, scientific 8 and ^e^nological 
issues are of no concern to political leaders and insti- 
tutions, and/ew, if any, political issues .of moment lack 
scientific or technological importance, ■ 

m * 



* Semor Social Scientistflhe RAND Corporation, Washington, D C The views expressed 
in this paper are ih^uthors and do not. necessarily reflect the opinions or policies of the 
RAND CorporaiW^ 
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Quite obviously, in the next five years, rn the five 
years after that, and for the foreseeable future, the United 
f States will confront a number of policy issues that deritf e 
, in large measure from scientific or technological devel- 
opments. These are policy issues, moreover, because 
they have penetrated the social, economic, and political 
fabric of our lives. They constitute an amalgam ofaac- 
cepted scientific and technological knowledge, scientific 
and technological uncertainty, and conflicting political 
and economic values. And they require collective action 
to manage if not resolve. 

It might be assumed that nearly four decades after 
World War II, the historic watershed of government in- 
volvement with the scientific and technological estab- 
lishmerfts of this country, the management of the sci- 
entific-technological enterprise would have become second 
nature to us. The government's annual investment in 
research and development (R&D), for instance, has 
grown steadily from $1 .2 billion in 1950 to $3^'.5 billion, 
in fiscal 198G. In addition to direct federal expenditures 
for R&D, of course, the private sector of the economy- 
invests comparable funds in R&D, an Estimated $29.5 
"billion,, for example, in 1980. 

Indeed, there was a period in the early 1960s when 
, optimism about the rate and direction of scientific and 
technological advance, confidence about our national 
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capacrty to manage such advance, anffbelief in the be- 
nign effects of the fruits of science and technology were 
at an'all-Jime high. Since then, however, we as a natipn 
have experienced great difficulties in managing the tech- 
nological enterprise, especially in bringing science and m 
technology to be#r on economic productivity, compar- 
ative advantages international trade, and innovation . 
We have also debated, vociferously at first but with in- m 
creasing sophistication more recently, the undesirable 
effects of technological advance; a indeed, the potential 
benefits of scientific advance have even been called into 
question. The optimism of the early 1960s yielded to 
gessimismin the late 1960s and early 1970s. Today* one 
hopes, the nation is moving beyond simple assumptions 
about the scientific-technological system to a mow* re- 
alistic view of its capabilities and limits and to a con- 
structive recommitment to the use ofc science and tech- 
nology for the common good. 

The following' four papers address in different wa>s 
certain of these policy issues They do not do so ex- 
haustively: rather, they focus selectively on critical 1 as- 
pects of these policy issues. The scope of these. papers 
is limited mainly to the domestic United Sfates, but not 
entirely so. Issues of international trade, the international 
nature of environmental pollunonVand the international 
character of science itself, make iNqipossible to limit 
our attention exclusively^ the problems of the domestic 
United States. Nor.^as Eugene Skolnikoffs paper argues 
in'th*e second part of this report, is it desirable to restrict 
it in that way. * 

Several major themes serve id organize this introduc- 
tory .overview essay. First, a policy issue of continuing 
high-level interest for the past decade is that of encour- 
aging scientific and technological innovation. This issue 
knows no partisan sponsorship, only perhaps that matters 
* of tone and-emphasis may d^Ter from one administration, 
to another. 

.The second major theme is the need to cope on a 
continuing basis wtth tl\e effects of the scientific and 
technological revolutions that are interlaced with our 
daily lives. Policy concerns begin with the aforemen- 
tioned need to encourage innovations of this kind, they 4 
reach across all efforts to mitigate the adverse social, 
political, and economic effects of such advance . 

Closely related to the second theme is the third, 
namely, the need to secure a livable world by managing * 
the waste or effluent of an.industrial society. The dis-i£ 
unction between the two is that the latter is not primarily* 
concerned with scientific and technological iqnovation^ 
as the immediate source of the problems of health, safety v 4 

■ and environment, but with all the sources of risk in the 
sociejy. ' 
•-Rinally, an underlying theme of the papers, and the 
conference where they were discussed, is thaLscientific 
and technological advance has posed deep, perhaps un- J 

r answerable, challenges tp our established political val- 



ues, institutions, and processes. This last theme is per- 
haps the most disquieting because few have any clear, ^ 
•vision about how to restore existing institutions to a 
satisfactory level of performance. But diagnosis must 
precede prescription, and recognition^ the problem is 
thus^ constructive step forward. 

ENCOURAGING SCIENTIFIC AND . * ' 

TECHNOLOGICAL INNOVATION 

The lagging productivity of the United States economy 
is a policy issue of great contemporary importance. 2 
Growth in productivity increased at an average annual 
rate of 2.4 percent from 1948 to 1973* but from* 1 973 
to 1978 it was estimated to have grown at less thaa one 
percent, 1 The 1981 report of the Council of Economic 
Advisers devoted considerable attention to this produc- 
tivity decline, enumerating as causdfl factors the effects 
of government regulation, increases m energy prices, 
declines in the rate of growth of capital relative to labor, 
and decreases* in spending on research and development 4 
Edward Denison has suggested that the main source 
of decline is found m a set of determinants called ■"ad- 
vances in knowledge. " s This set includes technological 
knowledge — of physical properties and how to make, 
combine, and use physical things: as well as managerial 
knowledge — of business organization and management 
techniques in the broadest sense. Denisbn lumps the 
"advances of knowledge" determinants together with 
a .set of miscellaneous ones (the effects of government 
taxation and regulation, the rise in energy prices^the 
sh'ift away from manufacturing to services, and changing 
attitudes to work) in a * "residual" category comprising 
those least easily mcasurattfe determinants of productiv- 
ity Commenting on what has happened since 1973. he 
says, 'it is possible, even probable, that everything went 
wrong at once among the determinants that affect the 
residual series." h) short, no single factor adequately 
explains*the productivity decline. 

In general, there exists a belief that declining R&D 
investments havejcoptributed to declining productivity 
and that increased R&D "spending has the potential for 
contributing to increased productivity. Considerable dis- 
cussion exists about measuring these relationships, how- 
ever, as well es about the appropriate policy instruments 
for influencing the situation. Some would fespond by 
ijicreaqing federal funds for R&D; others ^favor changing 
the tax laws to encourage R&D expenditures by private 
firms. 

The policy (Jebate about the relations between research 
and development* innovation, and productivity will oc- 
cupy an important place on the public agenda during tfie 
next five years. Policy remedies predictably will address 
themselves to the aggregate or macjoeconomic level, ip 
this volume/however, the paper, by William Abernathy 



and Richard Rosenbloom stands in sharp contrast to this 
aggregate-level policy disculsion,. focusing in a provoc- 
ative and instructive .way on the issue pf managerial 
knowledge* among the leaders qf American industry. 

The point of departure for Abemathy and Rosenbloom 
is the decline of productivity and innovativeness of 
American industry. Noteworthy about their argument is 
that they are not primarily concerned with factors ex- 
ternal to private firms that might be causing this decline, 
like inflation, high rates of taxation, and government 
regulation, factors that would increase the costs of pro- 
duction for U.S firms relative to foreign competitors. 
Rather, they are troubled by the institutional climate for 
industrial innovation in American-firms, by the attitudes 
; a.nd practices of American manager. 1 

Abernathy and Rosenbloom Irgue that the affention, 
of U S managers has been diverted from long-term tech- 
nological change toward shojS-term adaptation to^xisl-' * 
ing product markets Th£y observe that the analytic de- 
tachment that characterizes such managers is rooted in* 
the financial (and sometimes legal) pathway to corporate 
leadership, detachment that contrasts with entrepreneur- 
ial leadership that derives from "hands on" experience 
with the R&D, new product, production, and marketing 
activities of trie firm Contemporary managers, they ar- 
gue, display a preference for^hort-term cost-reduction 
rather than long-term technological investment. These 
managers are market-oriented, but in a particularly nar- 
row way. They rely heavily upon market research and 
its ability to reveal consumer preferences, rather than 
depend upon the introduction of a new product to tap 
latent preferences and upon an educational campaign for 
altering those preferences. * . 

Corporate growth and diversification, moreover, often 
( result from the acquisition of companies not closely, re-* 
lated to the firm's historic ^products. Rather, they are 
♦guided by the portfolio theory of financial risk manage- 
ment which results in a corporate strategy of spreading . 
the risk among a number of diverse enterprises in a 
complex firm. 

To illustrate the consequences of these changed atti- 
tudes and practices of American managers, Abemathy 
'and Rosenbloom present a case study.of the consumer 
electronics industry. Several features are* noteworthy' 
about thij case. First, the consumer electronics industry, 
as Abernathy and Rosenbloom note, is not heavily reg- 
ulated by the government, neither by traditional forms 
o£gconomic regulation nor by more recent health, safety, 4 
*!md .environmental regulation. Thus, thfrcase forces a 
search for a different explanation of the loss of U.S. 
market position. Second, this high : technology product 
area was one in which U.S. firjms, two decades ago, held 
dominant and undisputed leadership, so the case reflects 
a loss of market position that has resulted from head-to- 
head competition with the 'Japanese. Third, Japanese . 
success layih the ability of Japanese firms to foresee the 
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application of a high-technology field — electronics — to 
a large consumer product market and a corporate will- 
ingness to pursue a strategjuo develop that macket. That 
strategy involved a long tirn\hon^on for maturation of 
results, including a corollary willingness to make and 
learn from one's mistakes. . - 

The argument is not entirely persuasive. The main 
hypothesis that the attitudes and practices of American 
corporate managers' have contributed to the decline of 
U.S. international competitiveness is based on the single 
case of tipe consumer electronics industry. Thus, it cannot 
be automatically, exjtended to even- the entire electronics 
industry or to other industrial sectors. The validity of the 
argument undoubtedly varies across industries. Second, 
so'me will regard the case study data as more anecdotal 
than systematic in character. J 

Notwithstanding such criticisms, Abernathy 'and* 
Rosenbloom have challenged the conventional wisdom 
orrthe central issue of declining productivity and the loss 
of the U.£>. competitive international position,Tt(e im- 
portant contribution of the paper, and of the Hayes^and 
Abemtthy paper that preceded it, 6 is that it poipts'to the 
structural problem of managerial attitudes and practices 
as being a major factor contributing to. the loss by U.S. 
firms of technological competitiveness. This issue needs 
.to be>*tdely*dHa , ted, and nowhere r^^L vigorously than 
in industry itself. The' value of th^Jpper has to be* 
weighed as a contribution to the debate about xaysal 
mechanisms of and policy implications for the industrial 
productivity debate. . * 

Scattered evidence exists that such a debaters begin- 
ning. A January^ 981 New York Times story notes that 
"planning with more distant horizons has" become a fa- 
miliar theme among major American businesses, esrte- 
cially those competing 'in global markets where'foreign 
competitors, particularly Japanese tracing companies, 
have used the technique to achieve big gains in market 
.share." 7 The account describes a shift in several U.S. 
firms to greater long-term strategic objectives, a group- 
ing of enterprises withiQ firms according to the appro> 
priate, but differentiated, long-term objectives, and % a 
linking of corporate salaries more directly to the fulfill- 
ment of long-term strategic objectives. - - ' 

The Japanese themselves .are participating in this de- 
Bate. Recently, Akio Morita; who built the Sony Cor- 
poration into a worldwide success, pointed to several 
factors 'that give Japanese firms an advantage over U.S. 
firms. 8 These factors include: better long-term planning; 
bonus payments to 'employees jather than ekecutives;^ 
and company-oriented rather than skill-centered'execli* 
tive careers. « , H 

"A different manifestation of the debate, perhaps more^ 
directly-supportive of Abemathy and Rosenbloom, is a 
recent Harvard Business Review article about the limits 
of "retunfron-investment" (ROI) analytical techniques 
foe the evaluation of the value of research to a'corpo- ^ 
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• ration." Mechhn tpnd Berg argue th 
when applied to jesearch, fail to va 
pnately. RSasons include: (I) a tempi 
tween the dem^ers for Immediate resu 
ural pace'pf innovation! 0 (2) the unpre 
remits of rdse^ch and the inability* of ROI to 
value of negative results, and (3) the im[$recTsiprtJ*f 
measun^ertt when the/esults of.reseafch may benefit 
many divisions of a company. The problems with ROI 
are exace/bated in cases where a central research orga- 
nization/exists for the entire corporation. intfafir,m tech- 
nology/transfer is not adequately valued; nor is the -ef- 
fective use of slack resources of facilities and personnel, 
nor the overhead value of a consumer service function 
or a personnel recruitmen^igenG^. The authors urge 
supplementing ROI analyses with periodic reviews,, 
mixed project selection' some'by product managers and 
some by research laboratory personnel, calculation of 
ROI ot research throughout a product's life cycle, ob- 
servation of growth fn the firm's relevant product line, 
and the analysis of ROI flowing from self-developed 
ptoducts. In short, the article urges sensitivity" uyhe 
implications of financial analysis for the research in- 
vestment and corrective actions that shift away from a 
. vshort-term emphasis to longer time horizons The debate 
appears to have begun. t , ' [ 

/What anrttra policy implications of the Abaijiathy and 
Rosenbloom argument? First, they address themselves 
to a problem -rooted in -the attitudes and practices o( 
corporate managers and thus to an audience of American 
corporate leaders. Reform of the behaviors they criticize 
must come from corporate leaders not from U.S. gov- 
ernment officials. Refreshingly, in contrast to the instinc- 
tive tendency of many Analysts and commentators, they 
do not turn to the federal government for help, * 

Second, U.S. firms, in concert with the U.S. govern- 
ment, may need to become more aggressive in seeking 
long-term international' markets. In particular, Abernathy 
and Rosenbloom implicitly suggest the need for deve 
oping greater access to the Japanese domestic markej 

Third, two successive years of double-digit inflation 
remind us of the present economic context within which, 
managerial behavior occurs. The '1981 report of the 
Council of Economic Advisers noted that inflation has 
risen from an underlying rate of about I percent in the 
firsj half of the 1 960s to a present lfcvel of 9 or 10 percent. 
More ominously, th^ three major episodes of increase 
have each begun "with a sharp increase in the underlying 
rate and "ended with the rate falling 'only part way to its 
original level. 1 ^ So each successive inflationary period 
has started from a higher underlying rate than its 
predecessor. 

This histoncal development of the underlying rate-.of 
inflation means that a very strenuous effort will be re- 
quired to significantly decrease the underlying rale. Fur- 
thermore, as long as the rate remains high, Ameri 



'^H,*i Managers of-whatever stripe will find few incentives to 
Vjntfes^heavily in long-term R&E) for the purpose of re- 



t estjbl)shing^echnok)gical leadership la particular in- 
$L Vustnes and markets: 1 f the need.tQ control inflation is 



v imperative fl . 

Finally, concern for inflation ^elates closely to legis- 
lation to change the tax treatment of R&D Such legis- 
lation, now being considered by Congress, would in- 
crease the incentives for investing in R&D with a»long 
' time to payoff, Public policies at this level couldjein- 
foite reform tendencies uithin American management 
Jn a constructive way. * # ^ 

Two issues arci raised beyond immediate policy con- 
cerns by the Abernathy and Rosenbloom argument In 
recent years, the educational requirement for corporate 
.success has been the Masters, of Business Administration 
t (M.B.A.) degree Iniplicitly, the authors (both profes- 
sors 4 at the Harvard Business Schpol) are suggesting that 

* the underpinnings of„graduate business education need 
to be reevaluated This implication deserves further aj- 

* ticulation and discussion 

0 A second avenue of discussion opened hy the paper 
- pertains to the diffusion into the public sector of attitudes 
andj^ractices similar to those deplored by Abernathy and 
RoWnbloam in the private sector We may be witnessing 
,a general weakening ofjconimitment by the federal gov- 
ernment and f<5deraKR&D managers to invest in long- 
term, Fiig^-nsk. but potentially high-benefit scientific and 
engineerirignesearch. If this is occurring in parallel to 
a similar development within the private sector, then the 
long-term implications for the nation may be quite se- 
rious. Is there any evidence to 'suggest that such a de- 
velppmeprrllC^eejv oocurri ng? 

Although evidence may b^ too strong a term, there 
certainly are slgfts that a long-term shift has been ^oc- 
curring jn fede/al R&D management. Although tho 
Matfstidld amendment of 1969," restricting defense re- 
search to project* of direct military relevanqe, was on 
the statute books for only one year, many believe that 
5 it continues in force today-, 12 Perhaps it is time to sym- 
bolically 4 'repeal' * this amendment by asserting that all 
•federal R&D agencies havt a responsibility to invest in 
R&D that is broadly appropriate tfTtheir mission, not 
just to that which is narrowly pSjinent to specific op- 
erational capabilities. 1 . 

The analog in the public sector of the ascendancy of 
finahcial and legal professionals to corporate leadership 
is the gtowftg number of analysts^—ecbnomists, MB.As, 
'and others — in the federal government. The general ef- 
fect of such analysts on R&D is toward shortened time- 
. horizons'and sharper emphasis on payoff, a bias against 
long c term R&D investments. 
Strongcrtoressures for payoffs from federal R&D have 
' ledm some instances to a misdirected concern for com- 
mercialization of R&D results Bettor that the govern- 
ment should invest in building the scientific and tech- 
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nological foundations through long-ternvB&D than that* 
it should try to piclc commercial winneYs. 
In universj^yesearch, scientific equipment.is becom- 
ing obsolete to an ever-increasing /fegree n Moreover, 
.academic researchers today devote (a substantially larger 
portion of their tinie to-admimstrativ^matters rather than 

v to research The effects of these "trends can only be per- 
nicious over- time 
Three general points deserve statement in concluding 

, . this section First, none of the above Jactonr affecting 
federal R&D when taken alone is that consequential. H 
is the constellation of factors -that is significant and the 
fact that they all move in the same direction. Second, 
the severity of the problem is jiot measured-on<a year 
to year basis, since thi* year looks very similar to last. 
But over five or ten years we see not continuity but 
discontinuity, a movement away from a commitment to 
. long-term public R&D investments. 

Finally. We may be losing sight of the rationale for 
supporting public R&D The rationale is that pubhc in- 
vestment 'is needed because of an inherent tendency of 
private firms to underinvest in the generation of °the ex- 
ternal benefits of R&D, especially at the research and 
foundation technology erjd of the spectrum. 14 At a ume 
when private R&D investments are increasingly con- 
strained to short-term payoff projects, it would be quite 
unwise for public R&D to offer nothing but a mirror- 
image of that phenomenon. " , 



MANAGING THE EFFECTS OF INNOVATION 

Although the need to encourage scientific and techno- 
logical innovation in the U.S. economy isJceenly felt,, 
it is also the case that several scientific and technological 
revolutions are currently gojng on before our ayes. One 
area of continuing scientific and technological innova- 
tion, now a quarter of a century old, is that of information 
' and communications technology. Another, far less de- 
veloped at present in Us applications, bqt prospectively 
no less sleeping in its potential impact on medicine, 
agriculture, and industry, is that of^molecular biology. 

Donald Hillman, in ' 'Decision-Making with Modern ' 
information and Communications Technology: Oppor- 
tunities and Constraints," correctly observes that our 
society is on* the threshold of an Information Age. He" 
provides an overview of the technical change occurring 
in the technologies <ft information and communications. 
This change, drivenjby the continuing evolution in solid- 
state electronics, is difficult to comprehend because of * 
its rapid rate, the merging of the two technologies of 
information processing and communications, , and be- 
cause its manifestations are so*#idespfead and pervasiye 
throughout all aspects of daily life. The office, the fac- 
tory, .the commercial establishment, and even the home 
are being changed by this revolution. 
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f .Numerous major policy problems are raised by the 
impact of the information and communications r§volu- 
} tipn.. Jhe structure oY the telecommunications and in- 
formation industries is being reshaped, the quesjion of- 
individual privacy becomes more pressing, the manage- 
* ment of resource data banks requires attention, as doc* 
the availability of international telecommunications agd 
information resources. The formulation of public policy 
* under such circumstances is an exceedingly difficult en- 
deavor. Technical changes reducing costs and extending 
performance impinge forcefully on so many diverse pol- 
icy Areas', testing existing institutional and legal arrange- 
. mentsnri each, thafit is difficult to imagine coordination 
at the federal government level either by Congress, the 
% Executive Bfanch, or the independent regulatocy agen- 
cies. Furthermore, the application of change is so de- 
centralized, so pervasive, that federal policy formulatipn 
is complicated by this fact as v>ell. The challenge in 
policy terms is to deal sequentially and incremental^ 
with each new policy issue in ways that balance a .concern - 
for^reaping the benefits of technical change, mitigating 
its adverse'effects. and establishing a tjeiible framework 
within which the intelligent" guidance of change can. 
occur. , % . * * 

"Charles Weiner writes about another revolution, the 
emergence from sustained research in molecular biology * 
of the gene splicing techaiaues of recombinant D{vfA. 
These techniques are n^v used to synthesize insulin, 
interferon, and other*proteins such as industrially fm- 
portanj enzymes, and also open the possibility of pro- 
ducing nitrogen-fixing feed grains. Strong scientific ad- 
vance in n^olecular biology has been underway for 
^several decactes, the revolutionary applications of thjs 
body of scientific research are only riow beginning. 

Yet the recombinant DNA research is stamped indel- 
ibly in/ political and scientific minds as a threshold ca^e 
'in the relations of science to society. Whether this will ^ 
appear true a decade hence, of course, is not clear. But 
the case represents what Nelkin has described as the 
renegotiation of the* bargain between science and the 
polity, the bargain being unquestioning public support 
for^science in exchange for -a stream ofbeneficial science- 
based innovations. 15 

>Why recombinant DNA is regarded as a threshold case 
warrants comment. First,, the prospective benefits are 
potentially so diverse, so significant, and theoretically 
so reacfiable. From medicine to agriculture to industrial • 
processes to environmental quality controls, a range of 
benefits are within grasp because of the relatively simple, 
elegant techniques of recombinant DNA. 

Second, the potential benefits have been seen since 
the mid-1970s against a background of apprehension 
about the risks of recombinant DNA research. Weiner 
traces the concern for risk from the 1974 request by a , 
group of prominent molecular biologists to their fellow 
scientists asking thejn to refrain voluntarily from per- 
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forming certain experiments, to the 1975 Asilomar con- 
ference, the* Cambridge, Massachusetts City Council * 
debate about local restrictions :on research at Harvard 
and the Massachusetts Institute of Technology, to the ^ 
Guidelines for Research Involving Recombinant DNA 
Molecules, promulgated by the National Institutes- Qf 
Health (NIH). , • i 

The NIH guidelines, Weiner notes, have been revised > 
on three successive occasions since first being- issued in 
1976, each time, becoming less restrictive. During the 
peak of-public concern, legislation was proposed to ex- 
tend the guidelines to industrial 'lavatories; that leg- 
isl*tion t was not enacted nor is it liKSfys^be. Among ' 
mpk academic, government, and industrial scientists, 
a Consensus exists 'today that the prospects of ri^ky out- ' 
comes from recombioanf DNA research have been stead- 
ily reduced, if not juled-out entitely, It'is'this proved 
reduction fn risk,, they argue, that justifies the relaxation 
of NIH guidelines and explains why restrictive legisla- 
tion, was not enacted'. As Weiner notes, however, a few ' 
scientists and members of the public continue to express 
a residual concern /<# risk. 

. The third reasdn why the techniques of recombinant 
DNA are hek} in awe by so maay thoughtful individuals 
is that they permit laboratory scientists to manipulate the 
very constituents of human life itself. Whether on? be- 
lieves that man is the product of a long evolutionary 
process— ** thrown up between ice ages by .the same 
forces that rust iron artd ripen corn/* to use Carl Becker's 
felicitous phrase— or the foremost expression of divine 
creation, the prospect of a few Sequestered scientists 
seeking to 44 improve'* the situation insufficiently breath- 
taking to give us all'pausg. This concern, well founded 
or not, is sufficiently genuine to be in i{self a counsel 
of prudence from society to the scientific community. 
Many bench scientists dispute the validity of this awe 
about manipulating'the elements of human life, but that* 
it influences public attitudes is incontrovertible. 

The fourth, and more immediate, concern raTsed by 
recombinant DNA research is the challenge posed by 
rapid scientific advance to the social institutions of our 
.'time. In particular, what threats are po*ed to the integrity 
of the university, to open communication among sci- 
entists, to a heretofore largely self-regulated scientific 
community*by the revolution in molecular biology? 

Sevyal common concernsjinderlie these two papers 
by Hillman.and Weiner. First, the phenomenon of in- ' 
terest in each case is that of a powerful scientific and 
technological revolution. Qfie case, the merging of in- 
formation and communications technologies, represents 
a maturing effort whose effects.are bejng felt across an 
incredibly wide array of applications. The case of mo- 
lecular biology, and mainly the use of the techniques of 
'recombinant DNA, is less developed; but we are oh the 
threshold, in -all likelihood, of several decades'of far- 
reaching applications: In a fundamental way, moreover, 



each case is an instance of science-based»technological 
cKange. The empirical or craft tradition in technological 
change will undoubtedly remain important in the years 
^head, but the truly revolutionary technological change 
of the future'will very likely be based upon major sci- 
entific advance. 

Second, we value such scientific and technological 
change for the power it displays in Jeveral different di- 
mensions. Rapidly declining costs characterize solid- 
state electronics and are likely to typify #e applications 
of recombinant DNA techniques. Greatly increasing ca- 
pability is a corollary characteristic. Breadth and diver- 
sity of application are-yet other dimensions of change. 
.The power of this* technological advance is clear to»all. 

Thirp\ this valued scientific arid technological ad- 
vance, encouraged by various government policies, must 
nevertheless be regulated. There no longerexists an easy 
one-to-one correspondence in belief that automatically 
equates scientific and technological advance with social. 

* economic, and*political progress. Jn the 1980s, our nar 
tional commitment to scientific and technological ad- 
vance Is tempered by the realization thai adverse con- 
sequences can. result from the applications of such 
advance. This .sober view is not antithetical to science 
or technology in inspiration, but neither is it uncritically 
accepting of a belief that science and technology produce 

* unalloyed social beneficence Perhaps our current Situ- 
ation is more than a* mood, more s than mere animus; 
perhaps it bespeaks of a deeper understanding of the 
relations between science, technology, and society 



SECURING A LIVABLE WORLD % i 

During the 1970s, the regulatory reach of the federal 
•government was* greatly extended to new areas of eco- 
nomic and social life/ especially for the purpose of re^ 
ducing health, safety, and environmental risks. The sig- 
nal of wide public support for this development was- 
Earth Day, on 22 April 1970r : KIies / i£nal of institutional 
development was the cjeation o.f the Environmental Pro- 
tection Agency in late 1 970; other new agencies included 
. the Occupational Safety and Health Administration (and 
the National Instate of Occupational Safety and Health), 
and the Consumer Product Safety Coitfmission. Risk 
assessment emerged as the central analytical enterprise 
of this new regulatpry activity, informing both,the de- 
velopment of general policy and decision-making about 
particular cases in dispute. 16 

Several things can be said about this emergence of 
risk assessment. First, policy formulation-and decision- 
making *in health, safety, and environmental regulation 
have been permanently altered, and risk assessors have 
gained a place at the policy table. 17 Second, this alter- 
ation in the mi* of participants in the policy arena has 
been facilitated, even required in some instances,' by a 
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strong trend to "centralize policy 'control in the federal 
government Centralization has l^id two dimensions. (1) 
decisions previously made b> thefuvate sector are now 
made jointly byjhe private and pubhc sectors, and (21 
policies Once left to the states have* now become the 
responsibility of the federal government Third, though 
mk assessors are now polic> participants, their assess- 
ments do not dominate policy formulation, hiost, if not 
all, assessments are not conclusive and rev ej[ unresolved 
^lssue-s of scientific and technical uncertainty! and poht- 
'ic#l decisions about the acceptabfe and desirable distri- 
• .bution of risks, coj»ts, an^i benefits are required * 
In this context', William*^owrarice succinctly argues 
*hat the problems created for industry and 'government 
-"by risk-reduction regulation "stem as mycrr.from prob- 
lems of societal amtude and decision-making procedure 
as from deficiencies of technical analysis and perform- 
ance " He' then suggests several heuristic steps to im- 
prove risk assessment and increase the likelihood that 
sound public policy* wjl be'articdlated. . 

Rather than evaluate towrance-'s argument here, v|c 
can first clarify the social and political context in ^hich 
it is written b> askftig several questions. What is, the 
relationship between, risk assessment and science and- 
technology 0 How does mk. assessment go* beyond the 
concerns of science and technology What is the nature 
.of the political problem confronting risk, assessment 0 

There are a number of cliverse ties between risk as- * 
sessment and science and technology In tj^jjrst^lace, 
certain areas of science are directly concemeifafith the 
physical phenomena that constitute the focus of much 
risk assessment Broadly speaking, the environmental 
? sciences have been differentiated from the "other natural 
sciences in.the past two decades, though the relationship 
to the earth sciences is often very close Analyses of 
ecosystem behavior — a watershed, an air basin, a forest, 
for example— ma/'be undertaken for -scientific or reg- * 
ulatory reasons — or both And a larger number of sci- 
entists: -in academic institutions are engaged in the en-* 
u vironmental^ciehces today, than was ever true'beTore 
Second, -certain areas of science have received strong 
impetus for development from the effort to regulate risks 
in health, safety , and environment. This is apparent, for 
example, in toxicology where substantial increases in 
research have occurred in government,* academic and 
industrial research laboratories as a result of efforts to 
regulate the toxic effects of chemicals. It may be -the 
case, however, that to.xicological research has been de- 
voted more to routine testing than to, explicating under- 
lying mechanisms of action. 

Third, advances in instrumentation and analytical * 
techniques have vastly extended the ability of man to 
detect arTci measure extremely jow concentrations* of pol- 
lutants in air, water, and food 18 These advances in phys- 
\ ical measurement have', quite often, reinforced demands 
for more regulation Closely related have, been techno- 
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logical advances in control technology Indeed, a new 
and significant high technolog^ industry has arisen in* 

, response to health, safety , and environmental regulation. 

„This industry represents but another tie ol risk assessment 
to science and technology 

Finally, certain industries have been implicated as 

• bearing greater responsibility than others tor worker 
Safety and environmental quality. The chemical industry 
ls'one of the foremost among these, being the object of 
risk assessment concerns for worker safety"in handling 
dangerous materials, consumer product Safety lor prod- 
ucts like, asbestos insulation, and. environmental quality 

. that is a/fected by direct^, widespread introduction of a 
dangerous chemical substance like PCgs° (polvchlon- 
nated bipheny Is). An industry' so dependent upon science 
in the first instance necessarily requires highly trained, 
scientific risk assessorsjA 
"It is important to off3&, however* that nsi~issess- 

. ment goes beyond science and technology and embraq&jL 
a larger set of issues Risk assessment, and the regulator ^ 
ifcgimes in which it' is applied, typically concerns J he 7^ 
byproducts— th# eltjupnt^-of modern industrial society 
whether generated by individuals, private firms, or gov- 
ernments, at every stage from extraction to production 
to distribution and use of the primary* products. The 
immediate products of science andjechno^gjg^may be 
included in the domain of ns^-assessntent, bu^lhe* reach • 
of that domain is far larger. , ■ * 
, As a result of the scope of the risk assessment domain, 
nsk.assessors are drawn from widely diverse intellectual* 
.fields— physical and natural sciences, engineering, op- 
erations research, systems analysis, economics, social 
science, law, and medicine. They are affiliated with a 
range of different institutions — universities, research and * 
analytical institutes (both nonprofit and for-profitf. pri- 
vate industrial firms, government regulatory agencies 
(at all levels of government), an^d public interest law 
firms, r^ot surprisingly, therefore, competing. and con- - 
flicting values, preferences, and biases inform the as- 
sessment effort rsg^rdlets of the agreement that may 
exist on analytical techniques. * . 

Ih this context, however, analytical techniques c|n 

• provide powerful assistance to policy formulation. The " 
nature ajid scope of the particular rtQk can be clarified, 

\ mechanisms of exposure identified, prospective remedies 
.considered, and their respective costs and benefits as- 
sessed. , But two factors limit the* utility of risk* as'sess- 
ment First, thongh many assessments may identify some ' 
critical uncertainties associated with the mechanisms or 

• effects' of the risk or its remedy, they jften are unable 
to reduce those uncertainties to an insignificant level by 
analytical or scientific means. And second, conflicts that 
arise from the infbjjity of risk assessment to develonsi 
comprehensive description of a risky situation and'fo 
specify causaj relations betweejn^insult, effect, arid rem- 
edy, can only be resolved by policy officials- acftng po- 
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v lineally — thai is, exercising authoritative discretionacy 
judgment about the preferred allocation of nsks, costs, 

* and benefits for any given situation or class of situations'." 

Lowrancc, would improve the process of risk assess- 
4 ment'for the purpose of focusing, conflict on essential 
• issues and facilitating the political resolution, of such 
conflict. The greater use of comparative analysis.' the 
^explicit statement of standards of risk, the specification , 
of risk-management goals, weighing risks in relation to 
costs and benefits, are aJI .means to this end. He also 
. suggests that we move with alacrity to identify, first/ the 
cases of "negligible risk" and dismiss them v and— at 
the other pole— the casesjof "intolerable risk** and ceas$ 
% ' creating them. Between these two poles, LowranoTurges 
. .that we set priorities ^.allocating the scarce resources • 
' „ needed to conduct risk assessments. 

An interesting contrast is suggested, however, be-. 4 
tween Lpw ranee \ recommended strategy and Werner's 
account oi the recombinant DNA "risk assessment^ 

* exercise The former is rightly concerned-about ho* risk 
assessment can facilitate the 'development of political 
consensus in the* resolution of health, safety, and envi- 
ronmental controversies.. Yet he addresses himself mainly 
to improving ihe analytical* aspects of risk assessment. 

Weitier, on the other hand, reports on a 'process ini- 
tiated by concerned scientists that involves a complex 
. - dialogue between scientists and the general publte. That 
dialogue has taken place on university campuses, in city 
councils, Congres>iohal committee hearings^and in the 
NIH Recombinant DNA Research Advisory Committee * 
# w < • The implicit lesson is that concerns for risk have been 
* * allayed in large measure because of scientific develop- 

* ' merits, but also* because the process has forced the sci-, 

entific community into sustained communication with 
? the public 

It is important to juxtapose the analytical and process 
features of risk assessment. Analysis is essential, buf 
cannot provide the "righC answers. And, because value 

* conflict is lifely for any specific risk-reduction effort or 
policy* procedures that encourage the development of 
political Consensus, are alsd essentia) to the formulation 
of sound public, policy. 

' The prospects for achieving political consensus about 
risk assessment in ihe 1980s, however, may be fragile. 
' The .decade of the 1970s, as noted earlier, witnessed 
..^great extension of federal regulatory activity in health, 
' ' ^ safety, and environment. By the end of the decade, th^re 
^Zj^ffos a growing body of opinion that this regulatory im- 
pulse had been carried too (ar and that its excesses needed 
to be tnmmecfback. One expectation about the 1980s, 
therefore, was jhat rationalization of the new regulatory 
'T^area might be undertaken, that is, recognition of the 
merit *of the concern for risk, acknowledgement of tKe 
. excesses of the consequent j-egulatory burden, and a bal- 
ancing of the competing values in conflict. Subsequent 
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to January 1981, however, and the advent oi a. nVvv 
administration, the prospect exists of a far-reaching,effoij ^ 
to undo much of the work of the 1970s, not only the 
excesses and undesirable burdens but theVmentorious 
effects as well. Whether the United States as>a society 
is close to deyelopmg a political consensus about the 
role -and purpose of fisk assessment^ and its attendant , 
regufatory activity, will^be revealed in (t^rfext few years 
That is the essential question, however, since risk as- 
♦sessment is. in the last analysis, a political issue t 



v THE CHALLENGE TO VALUES, AND 

INSTITUTIONS ' , - * • 

• Throughout the four papers there runs an undercurrent 

of anxiety about the adequacy of existing societal insti- ^ 
"lutions and processes to deal \\jth ihe diverse challenges * 
. raised by science and technology This anxiety was eVeri 
jfiore pronounced in the conference discussions in De- 
cember 1980 at which the papers were initially presented 
Reasons fonhis anxiety are suggested by the examples 
on every hanji Corporate managers of United States 
'firms may in many'instances be ill suited by training, 
career plans, and orientation to recogm/e the require- 
^ mentsJbr maintaining technological leadership Infor- 
mation and communications technologies are altering the 
way we work* and live and do business. -stretching ex- 
isting legal and institutional frameworks to their limits, 

- yet these scientific and technological revolutions are still 
guided by increasingly obsolete policies The commer- 
cialization of molecular biology is placing, severe strains 
on many universities, both between'faculty members and 
their institutions and among faculty members them- 
selves.' And the demands that give rise to risfc assess- 
ment—for example, the control of the- effects of acid 
rainfall or the guarantee of safe disposal oT radioactive * 
nuclear waste— test the society's capacity to devise so- 

- lutioris that are technically /economically, and politically 
^ satisfactory. - 4 > ' 

The challenge of science and technology goes to all 
societal institutions, £om private corporations to uni- 
P versifies to the legislativeTand executive councils of the 
'* public sector. *A principal source of the.challcnge is the. 
contimiing impact of scientific and technological change 
which, -as Skplnikoff puts it, has been central to^'the 
restructuring of nations and of international affairs*, par- 
ticularly in the 35 years since'the Second World War." 
Policy issuer have become a complex amalgam of sci- 
entific, technological, economic, and political factors. 
Institutional relationships, have also become more com- 
plex, largely an adaptive 'response to the impact of sci- 
entific and technological change National and interna- 
tional spheres are more cjosely/related than ever, public 
and private sector roles 'are as difficult to define: and 



society is increasingly organized inta large institutions 
. thjat share responsibility for governance, usually without 
commensurate authority.- Continuing rapid and wide- 
spread scientific and technological change, increasing 
technical complexity, and overwhelming institutional 
complexity — these are the characteristics of the chal- 
lenge to societal institutions raised by science and 
technology. 1 

What is thQ precise nature of the\probl£m posed by v 
science and technology? It consists of three elements. 
First, the political institutions of popular, democratic 
control are inadequate to guide the scientific and tech- 
nological enterprise and mediate its effects. Surprisingly, 
none of the authors looks to the election of public of- 
ficials as providing expressions of voter preference' on 
policy issues of any scientific or technological conse- 
quence#N8r do they 'look to elected officials in state 
legislatures or Congress for significant policy guidance, 
I though ttot might be a reasonable expectation in a dem- 
ocratic society. ' 

The authors, who come from backgrounds in physical 
^science, engineering /applied social science, and history, 
and the scientists, engineers, businessmen, and analysts 
concerned with managing the scientific and technological 
- enterprise, are oriented to the executive agencies of the 
federal "government. Often, however,^a great ambiva- 
lence exists toward established authority, and great con- 
cern^ exists about the adequate representation of 4 'the 
public*' in policymaking. It is clear that the "notice and 
corflment"*means of securing critical information from 
interested parties, technical experts; and the general pub- 
lic draws onl/ tepid support from many in the scientific 
and technological communities. Nor does reliance upon 
the court systenj, either for fact finding or dispute set- 
tlement \ engender any deep allegiance from the com- * 
munity of experts 

Nevertheless, the problern remains of how to appror. 
priately consult the public oh issues where scientific and 
technological considerations loom large. Is the public 
represented by articulate public interest groups, other 
parties at interest, or the citizenry at large? Is it to be 
consulted through the notice and comment procedures 
of administrative rule making, through public hearings, 
through formal advisory bodies, or how? The irony 
should not be lost. Having ignored elections andjegis- 
'latures — the central institutions of public partigjgtion 
in the governance of our society — we then search^seri- 
ously but v with limited success for acceptable substitutes. 
The dilemma is one of the deeper institutional crises of 
6ur times and impinges directly on the issues raised by 
science and technology. , 

The second element of the problem is that eJ^bfiniOn 
in the United States is deeply divfded on the appropriate 
resp£>hse4o a number of key policy issues ^fecJtiri£ .the, „ 
scientific and technological enterprise. Whether the issue 
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is the cause of productivity decline, the effective means 
of stimulating innovation, the importance of maintaining 
a strong scientific and technological base, or the appro- 
priate strategies for balancing health,^safety7 and envi- 
ronmental concerns against economic considerations, 
wide 'divergence ©f opinion exists among academic, in- 
dustrial, and governmental leaders. The absence of elite 
, consensus contrasts, for example, with the period just 
after 1957 when the United States responded to the Soviet 
Union's triumphant initial entry into outer space. With- 
out such consensus, clear signals cannot be given to the 
scientific and technological enterprise and popular sup-' 
port for agreed-upon policies cannot be generated. 

The final element of our present difficulty is that the 
scientific and technological establishment itself is left in 
a vulnerable position and one from which it is unable 
to exercise strong leadership. The inadequacy of the in- 
stitutions of popular control to provide guidance to the 
enterprise is a recent problem and troubling in its own 
way. But deeply divergent views among elite policy 
opinion leaders are more unsettling. 

Are there responses to this complex challenge posed 
by the^ relentless march of science and technology? At 
one level, it musfcbe remembered, a number of thoughtful 
men and women grapple with tlie day-to-day manifes- 
tations of the full range of policy issues jaised by and 
.affecting science and technology. This daily hand-to- 
hand Combat, so to speak, responds in an important way 
to the challenges tjie society faces. 
m Beyond the attention given to the immediate aspects 
of the challenge, however, it is necessary that the task 
of forging political consensus about major national strat- 
egies for science and technology receives high priority 
in* all quarters of the interested public. The quality of 
dialogue that is required to reconcile the complexity of 
scientific and technological issues with the need for elite 
consensus and broad public support is high. Deepening 
and enriching that dialogue should be a matter of concern 
to-all. <&, . 

' Finally, it may be the appropriate historical period ta 
think more seriously about decentralized responses to the 
challenges of science and technology. Both the rev&u- 
tions of information and communications technology and 
of molepular biology are awesome because their current 
or Expected applications penetrate sq deeply into so many 
facets of contemporary life. The capacity of centralized 
policy formulation by the federal government is. taxed 
perhaps beyond its limits if it attempts to respond to the 
full scope and complexity of scientific and technological 
change. The recombinant .DNA lesson may represent in 
anMmportant way, then, an early model of how the sci- 
entific and technological communities and the public 
ought to engage each other as they mutually strive to 
guide the societal response to science and technology. 
These challenges to values and institutions deserve 
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senous, sustained attention by many in the years ahead 
because the effects of scientific and* technological ad- 
vance are sufficiently powerful to alter our .lives and 
patterns of social, economic, and political organization. 



If change must come, better that it should be subjected 
to continuous scrutiny, discussion, and debate within the 
framawork of democratic institutions rather than take us 

• - \ • 



unawares. 
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The Institutional Climate for Innovation 
2 in Industry: The Role of Management 
. Attitudes and Practices • 

William J. Abernathy * and Richagt S. Rosenbloom ** 



INTRODUCTION 

Evidence of decline in the productivity and innovative- 
ness of American industry is being interpreted in various, 
ways as government, industry, and academia struggle 
to comprehend a troubling phenomenon. Some analyses 
point to such external factors as inflation, taxation, and 
regulation, which have the common ^ffect of increasing 
costs incurred by U.S. firms in relation to their foreign 
competitors. . Others stress institutional factors such as 
industry structure and the attitudes and practices of 
managers. • 

The institutional climate for innovation is important 
to the behavior of industry. climate we do not mean 
just a set of factors external to the firm, bat a set of 
attitudes and practices observable within business. Cer- 
tain basic managerial assumptions shared* widely 'witrfin 
America^ culture shape'Competitive strategies. Strategy, 
in turn, provides the link between firm and environment. 1 

This paper examines a series of innovations in the 
consumer electrohics industry to explore the strategic 

* Professor of Business Administratioli. Gradual© School of Business Administration, Harvard 
University, Boston, Massachusetts 

** David Sarnoff Professor of Business Administration, Graduate School of Business Admin- 
istration. Harvard University, Boston, Massachusetts 



role of management attitudes and practices in the man- 
agement of technology .<? 'We hope that this case study 
of an industry will stimulate other' empirical examina- 
tions of the consequences of prevalent American man- 
agerial precepts. The refcent history of the consumer 
electronics industry provides' a fertile ground for ex- 
ploring broader issues. Of particular interest are the con- 
trast between the strategic a behavior of certain Japanese 
competitors in that industry and the behavior of the lead- 
ing American firms. 3 Analysis of" these contrasts can lead 
to useful insights into fundamental problems facing 
* American industry in the 1980s. 



AMERICAN. MANAGEMENT AND ECONOMIC ' 
DECLINE • ' * 

Speculation during the. Reagan presidential transition 
about the possible declaration of a National Economic 
Emergency dramatized widespread concern about the 
health of the American economy. Symptoms of funda- 
mental economic difficulty have been emerging for at 
least a dozen years. These include increasing rates of 
inflation and unemployment, and^declining balances ofr 
international tratfe in key industries. 
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The causes»of these basic problems are complex. The 
relative importance of contributing factors remains a 
matter of judgment and debate* There is little disagree- 
ment, however, that improved utilization of technology 
can be a vital part of any remedy. The "Stevenson- 
Wydler Technology Innovation Act of 1980" finds that: 

Industrial and technological innovation in the United 
States may be lagging when-compared to historical 
patterns Mid other industrialized nations. 4 

Available indicators of national trends in technological 
innovation, although neither direct nor conclusive, do 
provide 'cause for concern. A recent summary of these 
trends, preserved „in an article "by one of the present 
authors (Abernathy) with Robert H. Hayes, 5 joints out 
that: 

• labor productivity is increasing more slowly in the 
United States than in most other industrial nations 
(Table 1); 

• rates of productivity growth through the U.S. private 
sector peaked in the mid-1960s (Table 2); 

• expenditures in industrial research and development 
(R&D), as measured inconstant dollars, also peaked 

'then in absolute terms as welFas in relation to Gross 
National Product (GNP) (Figujes 1 and 2). 

Although some have attributed these&trends to eco- 
nomic or political factors, Hayes and Abernathy argue 
that the central explanation lies in the attitudes and prac- 
tices of American managers. In their view, success in 
the world marketplace requires, an organizational com- 
mitment to competed technological grounds, by of- 
fering superior products or superior manufacturing 
processes. _ <~ 



Table V— Growtlnn Labor Productivity Since 1960 (United States 
V t arid Abroad) 

Averaga. annual percent change 



Table 2— tfrowth ot Labor Productivity by Sector, t £48- 1978 



Manufacturing 
1960-1978 



Cuindustnes 
1960-1976 



United States 


• - 2.8% 


% 


* 1.7% 


United Kingdom 


2.9 rf 


t 22 


Canada 


4.0 / 




2.1 ' 


Germany 


5.4 1 




4,2 * 


France 


5.5* 




' 4.3 
4.9 


Italy 


5.9 * 




Belgium - 


6.9* 

a 


i ' 


Z \ 


Netherlands 


6.9* 


Sweden 
Japan 


5.2 
8.2* 


« 
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Source. 'Council on Wage and Pnce Stability Report on Prodticuuty (Washington. D C 
Executive Office of the President. July 197$) Reprinted from Robert H Haves and William 
J. Abernathy. "Managing Our Way to Economic Decline," Harvard Business Re\te», yol 
58 (July-August 1980), p. 69 » N 



Growth of labor productivity 
(annual average percent) 

1948-65 1965-73 1973-78 



Pnvate business 

Agriculture, forestry, and fisheries 

Mining 

Constriction 

Manufacturing 

Durable goods 0 
Nondurable goods 
Transportation 

Communication ■ 
Electric, gas. and sanitary 
' services 
Trade 
Wholesale 
Retail 

Finance, insurance, and real estate 
Services 

Government enterprises 



3 29c 


2 3% 


1 1% 




5 3 * 


2 9 


4 2 


, 2 0 


-4 0 


1 0 

-.7 


-2 2 


- 1 8 


~t> 1 


2 4 


1 7 


L 0 


1 9 


1 2 


3 4 


3.2 


2 4 


3 3 


29 


0 9 


5 5 


48 


7 1 


* 62 ' 


4 0 


0 1 


1 1 . 


•3 0 


04 


"3 1 


3 9 


0 2 


2 4 


2 3 


0.8* 


1 0 


-0 3 


1 4 


1 5 


1 9 


05 


-08 


0 9 


-0 7 



Note Productivity data for services ^onMruction. tinjnce msuransi afld real estate are 
un^puhliihed 

Souf e Bureau ot Ubor Statistics Reprinted trom Robert H Haves and W ilium J Abcrnaihy 
• Managing Our Way to Economic Decline Hanant Buwness Reue* vol 58 lJulv-August 
1980). p 69 



As interpreted in "Managing Ouf Way To Economic 
Decline," American managers, guided by what they 
believe are the newest and best techniques for manage- 

* ment, have increasingly directed their attention to matters 
other than innovation. These- techniques, <tepite their 
sophistication and widespread usefulness, seem to have 
encouraged analytic detachment at the expense of the 
insight that comes from "hands on" experience. They 
promote* preference Tor short-term cost reduction rather 
than long-term development Of technological competi-* 
tivenpss. According to Hayes and Abernathy, by con- 

■ centrating on serving existing markets rather than ere-* 
ating new ones, and by excessive emphasis on short- 
term financial returns and "management by the numbers, 
many firms seem to have decided againspstriving for 
long-term technological superiority as a competitive 
weapon. They rnay thus have made themselves, vulner- 
able to competitors whose strategic thrust leadsfo tech- 
nological superiority arfd market leadership. 

This provocative thesis attracted widespread attention 
and acclaim, whjch the editors of the Harvard Business, 
Review believe may have exceeded that of any article 
ever published 1 in their frequently cited journal. The 
seven judges for the McKinsey Award, given annually 
jto the best article in the Review, unanimously awarded 

* it first prize in 1986. 6 * 

This thesis is elaborated and made concrete in the 
following case^tudy of innovation in the consumer elec- 
tronics industry, which emphasizes certain strategic 
choices made by Japanese and American firms competing 
in the U.S. market. While the stu^y suggests certain 



, (Percent) 
3.8 




77 78 



Figure 1. National Expenditures for Performance of R&D 1 as a Per- 
cent of GNP by Country, 1961-1978 ■ 

'Gross expenditures for performance of R&D including associated capita] expenditures 
2 DetaiIed information on capital expenditures for R&D is not available for the United States 
Estimates for the period 1972-1977 show that their inclusion wOq[d have an impact of less 
than one-tenth of 1% for each year 

Source Science Indicators^ 1 978 (Washington. D C . National Science Foundation 1979), 
P*6 

ftoie The latest data may be preliminary or estimates ( 



hypotheses and generalizations, it cannot, of course, 
••prove" their universality. Although we view this $ase 
as, an Interesting example of the strategic use of tech- 
nology fo gain market leadership, we do not imply that, 
such a strategy i§ always appropriate. * 



' A CASE IN POINT: ' * 
.CONSUMER ELECTRONICS 1955-1980 

American firms pioneered fa consumer electronics tech- 
nology and until the 1960s took the largest share of 
^ revenues and profits in the world's markets. 7 In $55, 
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U.S. output in consumer ejectronics was $1.5 billion; ' 
Japanese firrns\ produced a mere $70 million. Twenty- 
five years laterW situation is reversed, with Japanese 
jevenues in consumer electronics more t^han twice those/ 
f the U.S. manufacturers. And volume is*not the only 
measure of Japanese leadership. Japanese designs usu- 
ally offer the highest levels of performance. Unique fea- * 
tures, such as* the bilingual or stereo sound tracks, are 
available on television receivers in Japan. Japanese firms 
also have an overwhelming Jead in jhe most exciting and 
- lucrative new consumer product to reach the electronics 

(Millions) 
$30,000 



20,000 



— . Current dollars- . 
Constant 1972 dollars 1 

Development 





LU LJ i l i ii i U 



300 

1960 62 to 66 68 70 72 .74 - 76 78^ 

Figure 2 Industrial R&& Expenditures for Basic Research, Applied^ 
Research, and Development, 1960-1978 

'GNP implicit price deflators used to convert current dollars to constanid972 dollars 
Source- Scunce Indicators— 1978. p, 87 w 
Note;' Preliminary <i, u ^ shown ^ i911 ^ e$limatc$ for , 97g 
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industry^ince the heyday of color television irUhe n^d- 
sixties: the videocassette recorder (VCR). Factory^ales * 
of VCRs, worldwide, exceeded S3 billion in 1980 and 
95 percent of those revenues accrued to firms in Jaj>an. 

.How did this startling reversal come about? More to 
the point, how difl the 44 imitative 1 1 Japanese seize the 
innovative leadership in this large and important indus- 
try? Is this an isolated circumstance or is it the forerunner 
of more to come? Let us look at the history o^the VCR 
and how a handful of Japanese companies came to dom- 
inate a.major world* market by tracing tfc£JU6 torv of ' the 
consumer electronics industry in the United States and 
Japan since 1955. • * 

In the mid-1950s, consumer products represented only 
one-fourth of the output of the U.S. electronics industry; 
the balance consisted of industriaj;and military equip- 
ment. Yet, in absolute terms, consumer electronic^ was 
a big business, accounting for $1.5 'billion in factory 
sales in 1955, the year of peak sales for monochrome 
television sets. Output of some eight million television 
sets, valued atone billion dollars, provided two-thirds 
of the entire .consumer electronics industry's revenues 
that year. (The remainder cafffe largely from radios and 
phonographs.) But the consumer market for television 
was by then nearly saturated (88 percent of all homes 
would have a set by 1960), and demand leveled off in 
the late 1950s at about six million sets per year— 98 
- percent of them black and white.. Most sets were either 
table or console models with screen sizes of about 20 
inches me^ured diagonally. In a highly competitive 
market, manufacturers standardized their products to 
gain volume, efficiency, and hence a lower retail price 
to the consumer. A few manufacturers tried to introduce 
"portable" 19/mch models as second sets, but without 
much success. As a result, a^shke-out among some 150 
television set manufacturers left only 27 in 1^60. It 
' • would be another five ye^rs befjpre the industry experi- 
enced another boo\n with the growth of demand for color 
* television. ( 
' The situation in Japan in the IS 50s was quite different. 
Starting from a small base, the/output of the Japanese 
consumer electronics industry increased tenfold from 
1955 to 1960. Television set production amounted to 
only about S30 million in 1955, slightly less than the 
value of radios produced that year. Butt by 'i960 tele-* 
vision sets were already the dominant'prdduct in Japan's 
domestic market — 59 percent of the consumer electron- 
ics output — and 45 percent of Japanese'houpeholds had" 
already acquired a television s,et. 
Despite the booming demand for television at home, 
* Japanese firms invested significantly between 1955 and 
I . 1960 in opening 'new markets for radio sets abroad. The 
story offtheir 1556 "invasion" of the U.S. radio market 
with all-transistor portables is welPknown. 8 Offering a 
line of miniature receivers half the size and weight of 
^ ' the smallest American products, Japanese producers, led 
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by Sony, developed a maj3r new market segment and 
met littlelAmerican competition. Annual sales of portable 
radios in the United States grew by a factor of seven 
within a' few years and Japanese imports captured two- 
thirds of the increase. 

By I960, then, export markets were already significant 
to the Japanese producers. Products valued at $150 mil- 
lion (87 percent of which were radios) wej-e shipped- 
f abroad, representing 20 percent of the Japanese indus^ 
try's output, while U.S. consumer electronics pro%icers 
exported only $25 million worth, about 1 percent of their 
output. As a consequence, by 1960 the scale of consumer 
electronics production in Japan was already one-third 
that of the.Americari industry and^gaining fast. 

The Japanese firms had not yet made inroads into the 
larger and potentially more profitable television receiver 
business in the United States, but they were now ready 
to try. Having achieved an economic scale of production, 
and possessing a large labor-cost advantage,* a Japanese ' 
firm might well hope to enter the mainstream of the 
monochrome television mass market. Some tried in the 
sedond half of 1960 with 19-inch sets, but without much J 
• success; these sets, even at a low price, did not offer, 
sufficient advantages over the established American 
•brands. In 1961 the Japartese share'of the U.S.' market 
was a negligible 0.3 percent. 1 

One Japanese firm, rather than competing with the 
U.S, firms in tlieir. areas of strength, chose a different 
strategy, one.reminisdent of its success with the shirt- 
pocket transistor radio five years earlier. The firm was 
* Sony Corporation, and it introduced a small, lightweight 
transistorized monochrome receiver ^ a tiny 8-inch 
screen at the Chicago Music Show in July 1960, a year 
before launching it in the American market. Sony was 
apparently : undaunted by the market failure of miniature 
r^eivers madeSn the United States or by U.S. markfet 
forecasts. In 19$) the trade press was quoting industry 
representatives 'as asserting that' significant numbers of 
American consumers would never buy sets with screens 
Smaller than 17 inches. * ^ 

But those assertions were wrong. Although transistors 
were still expensive and the 4 4 micro 1 ' television sSts were 
■ a luxury item ($250 when discount houses were selling 
middle-of-the-line 21-inch sets for under^l 50),' those 
little sets were unique. In an innovate approach to 
distribution, Sony established its own/sales subsidiary 
for the United States and sold the micro-receivers directly 
to department stores and other large retailers: Promoted 
by a highly creative advertising campaign, sales zoomed, 
rapidly outstripping the £till small company's ability to 
supplyihe product. 

Other Japanese companies soon followed Sony's ex- 
ample, but the ITS. television industry was slow to re- 
spond. Not until late 1963 did General Electric (G.&.) 
becgjTie the first company to make a set in this category, 
an 11-inch tfapsistorized" portable. Although-most of the 
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"other US brands soon filled out their lines with small- 
screen sets, it wtis usually with Japanese-made products. 
The* Japanese thus established a base in small-screen sets 
from which they could expand to larger models, and 
eventually into color. 

The numbers tell the story. United States imports of 
1apan6se television sets had been negligibly in 1960/but 
the success of micro-television' boosted imports to 
120,000 units- in 1962 and a mijlion in 1965 — one in 
eight of the monochrome sets sold in the United States. 
Eighty percent of the Japanese imports had screen sizes 
of 12 inches or less, representing substantially all of the 
market for that segment. American companies, now con- 
centrating on the accelerating demand for color receivers,- 
helped boost the demand for these Japanese monochrome 
sets, 'for fully 70 percent of the Japanese imports bore 
American brand *names. 

♦ 

COLOR TELEVISION 

In the late 1960s the big story in consumer electronics 
was color television. Color television first took off in the 
American market, where demand grew from $50 million 
in 1960 (of $800 million total television receiver sales) 
to a 1969 level of $2 billion annual factory sales, or 80 
percent of all. televisions sold. Japan's domestic demand 
began in 1967 and grew rapidly until 1973. The European 
, color television industry, unable to agree on a technical 
standard until 1966, did not grow significantly until the 
early 1970s. 

Worldwide factory sales of television receivers (mono- 
chrome and color) totaled $6 billion in 1969, with the 
United States and Japan sharing over three-fourths of 
those revenues equally. Because color television was an 
American innovation, pioneered by RCA, one might 
have expected that the main consequence of its spectac- 
ular,gro wth would be to cement the position of Amencan 
firms as leaders in the world's television manufacturing 
industry. But the Japanese firms in this industry had 
already pulled even with the U.S. in total output — at 
about $2.3 billion in television , sets — and were well on 
the way to establishing the dominant position they now 
hold: Jap^nese^rms accomplished this feat in the 1960s 
by absorbing, then expending foreign technologies; de- 
veloping ^ skilled labor force and advanced manufac- 
turing techniques; exploiting their robust domestic mar- 
ket; and adopting expoft-oriented strategies. 

The industry's technological leaders iif the 1950s and 
1960s had been RCA aftd N.V.'Philips. RCA shared its 
color television technology under license, as it did all 
its technical Achievements, with firms around the globe. 
This policy generated significant income over the yekrs 
for RCA, but it also facilitated foreign entry into the 
field. N.V. Philips conclu<jJed arf important agreement 
with Matsushita in 1952,j>iving the Japanese firm access 
to technology in semiconductors, picture tubes, and other 
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key components. Matsushita Electronics Corporation, a 
joint venture between Matsushita and Philips soon be- 
came the largest Japanese producer of these components 
and a technological leader in its own right. The audio 
tape cassette, probably the most significant advance in 
audio magnetic recording, was invented t*v Philips in the 
early 1960s and soon licensed to Sony^, Matsushita, and 
other Japanese firms who later became leaders in the 
consumer audio recording market. 
. While furthering the technological development of 
their products, the leading Japanese electronics firms also n 
invested in improved manufacturing processes ,an& in 
maintaining a highly skilled work force, these steps too 
proved a competrfcye advantage in the long run. 

Japan's large domestic market for consumer electron- 
ics,, second only to the United States in demand, was 
also important in the growth of Japanese firms in the 
1960s. Behind protective barriers that limited foreign 
entry, the Japanese firms competed fiercely against each 
other. New technologies were first introduced on the 
local market, often as important weapons in their com- 
petitive rivalry. Although exports were taken seriously, 
domestic sales accounted for 60 percent of the revenues 
of the Japanese consumer electronics producers in 1969. 

With exports and domestic sales combined, Japanese 
producers accounted for nearly two-fifths°of the world- 
wide output of consumer electronics products in 1969, 
in a.country representing only one-quarter of world de- 
mand. By then Matsushita, which was the largest Jap- 
anese firm in the industry, was the equal of the industry 
giants— RCA and Philips— with about $1 bilhoh sales 
in consumer electronics. Moreover, the Japanese were < 
now taking' the lead in technology; in- 1968 and 1969 
two of the most significant technological innovations in 
color television emerged from Japan: Sony's Trinitron 
picture tube and Hitachi's all solid-state color receiver. 

With this foundation, the Japanese were prepared in 
1970 to take on a new challenge, pioneering in tech- 
nology Tor the next major new product in home elec- 
tronics, "the home videoplayer. 

CONSUMER VIDEOCASSETTE RECORDERS 

0 % 

The videocassette recorder is an innovation of the 1970s. 
To understand how it came about, however, we must 
again return to the 1950s. VideorecoYding, like the tran- 
sistor and color television, was' an American innovation. 
The first practical videotape recorder, which brought im- 
portant changes in television broadcasting, was intro- 
duced by Ampex Corporation uv 1956. -The machine, 
called the Quadruplex (or Quad), 9 generated worldwide 
sales and set the standard for broadcasting use for, two 
decades. Although RCA began producing videotape 
machines in 1959, Ampex continued to domirmte the 
broadcasting markets, and to maintain technological . 
leadership in the Quacf family of machines. 
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In Japan, engineers of more than half a dozen elec- 
tronics manufacturers called regularly. at the studios of s 
NHK, the national television network, to examine the • 
Ampex Quad and pore^yer its equipment mariuafs, 1 con- 
ferring among themselves and with the NHK engineers. 
Officials of the Ministry t>f International Trade and In- 
vestment (MITI) encouraged this interest, giving a small * 
grant to at least one firm to develop videotape technol- 
ogy. Sony, out of its own funds, immediately mobilized 
a team for- the same puipose. Dr. N. Kihara, who had 
experimented with vidqio recording earlier in the 1950s, 
headed the team, under the direction of K. Iwama % (later 
president of Sony). 

The Quadruplex machine was .a massive, complex, 
and expensive machine filling a large console and' two 
equipment racks. In its monochrome version, it sold for 
550,000. The complexity was -necessary- to produce a 
signal that met the stringent requirements of broadcast 
use. As early as' 1955, however. Ampex engineers had 
experimented with an alternative approach, later called 
helical recording (because early designs wrapped tfte tape 
around the rotating cylinder along a helical path). Al- 
though the v helical recorders also used a rotating head, 
they were muck simpler to make and use than the'Quad 
machines. Early helicals produced pictures that were 
adequate in quality for the general public, but utterly 
inadequate for the only customers then interested in video 
recording — the broadcasters. 

The Ampex developments in helical technology re- 
pained secret until 1962, but a Japanese firm. Toshiba, 
shocked the industry in 1959 by announcing its patent - 
for a videotape recorder using a helical format. Ir was 
clear to engineers that machines built on the helical de- 
sign could be made smaller and cheaper, and wquld thus 
be suitable for many uses outside of broadcasting. Not 
so clear, however, was which path to follow in devel- , 
oping the technology, how to develop new markets for 
the.,resulting products, and how good ^business it would 
be once products jind markets were developed. 

During the 19$0s, firms in the United States, Japan, 
i and Europe participated in thctechnical and commercial . 
•development of helical 'recording. Outside Japan the 
leaders were Philips, which dominated European profes- 
sional and broadcasting markets for video recorders, and 
Ampex, which exten4ed its broadcast leadership in' the 
United States with a line of professional and industrial 
units. But neither Philips nor Ampex was focusing on 
3 consumer product at ttfis'time. Ampex had always bfeen 
oriented towar4 broadcast and professional markets, with 
consumer products only a minor part of its business, and 
Philips's consumer divisions were not involved in video 
recording at all. None of the leadijig'American consumer 
electronics firms invested significantly in video recording 
until after 1970. 

• In Japan, by/contrast, eight of*more companies — in- 
cluding ail&fK£ leading consumer electronics manufac- 



turers—launched aggressive efforts to develop helical 
video recording technology. Sony and Matsushita, 
among the first to succeed ip marketing a consumer prod- 
uct, were consumer electronics- companies whose goal. ' 
from the)very beginning, had been to achieve a design 
suitable for ; ttVe home market— even though they sold 
their first products in other markets. In Matsushita's labs, 
as early as 1959.~an engineer wrotd a paper recom- 
mending development targeted toward a consumer mar- 
ket, complete with a technical analysis showing the fea- 
sibility, in principle, of achieving adequate levels of 
performance and efficiency. Even earlier, at Sony. Ki- 
haraVteam first replicated the Quad machine— with 
knowledge gleaned from the Ampex model, but without 
aid from Ampex engineers— in just a few months. They 
then set to work on the /helical format, guided by a 
mandate from the company's founder and chief execu- 
tive. M. Ibuka. who challenged them to build a machine 
that would cost I percent as much as the Quad and could 
be sold to consumers. 

Technical progress, viewed in retrospect, was dra- 
matic, as Table 3 indicates. The first Sotty-product. in 
1963. was one-twentieth the size and one-fifth the price^ 
gf the Ampex Quad. By 1965 Sony could markcta hchcaf 
machine that used a half-inch tape (versus the more costly 
Iwo-inch tape of'the Quad) and sold at the price that met 
Ibuka's goal: 1 percent (in constant dollars) of the origi- 
nal Quad machine. Matsushita had a comparable design, 
and both -were shown at the U.S. Consumer Electronics 
Show in 1965, prompting Ampex to proclaim its intent 
to market a consumer model the next year. , 

Despite the fanfare, the videotape recorder of 1965 
was still far from being a consumer jirodiict. It was still 
monochrome when the shift to color was already under 
way. It required manual threading of the tape when ex- 
perience with the audio cassette had proved that ease of 
loading made a big difference in consumer demand. And 
it still used prodigious amounts of very expensive re- 
cording tape— even if eight times more efficiently than 
the Quad format. * . 4 , 

Then came the vi3eocassette. By 1970, the first- 
generation helical cassette' machines, developed by 
Philips in Europe and by several companies in Japan, 
were ready for demonstration. A worldwide public re- 
lations carnival ensued as the press decided that the age 
of cartridge television ia the home had arrived. But they 
were wrong. Although the technical base was there, it 
would take until 1975 to develop anc} market the first 
successful consumer videoplay<?r. Meanwhile, in the 
early 1970s, RCA, Avco, Ampex, and others Sought to 
introduce consumer cassette recorders and failed; Sanyo, 
Toshiba, and Matsushita did the same. The only com- 
mercially successful products at this stage were destined 
for professional and industrial use. These were the Phil- 
ips videocassette recorder, dominant in Europe, and 
Sony's U-Matic, which set the standard for the now 
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Table 3 — Milestones in VTR Product Developmenf 



Market^ 


Model 


Company 


Date 
of Commercial 
Introduction 


Tape 
Width* 


Taf>e 
Uulizatiojjr 
(sq. ftTilour) 


Price 
(in constant 
1967 S) 


Broadcast 


VR-I000 


Arnpex 


1<P56 


2" 






Professional 


VR-1500 


Ampex* 


1962* 


2" 


• * 

- 375 « 


12.000 


Industrial 


PV-100 


Sony 1 1 


1962 


2" 


212 


• 13.000 


Industrial/ 
Professional 


EL % O400 


Philips 


1964 


r 


188 A' 


J3.5O0 


Industrial/ 
Professional 


CV-2000 


Sony 


1965 


1/2" 


9J0 " % 


\* AAA 
a OVA/ 


Industrial/ 
Professional 


N-1500 - 


Philips * 


1972 


1/2" 


k 70 


1.150 


Industrial/ 
^Professional 


U-Matic 


✓ 

Sony 


1972 


3/4" 




'1.100 


Consumer 
Consumer 


Betamax 
VHS 


Sony 
JVC 


1975 
1976 


1/2" 
1/2" 


. 850 
790 


Consumer 


VR-2020 


Philips 


1980 


i/e" 




' 520 


"from 1^72 onward 
Source Authors 


all models used cassette* 


instead of open reels and all used high energy upe 
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ebiqui&us three-quarter inch "U-format" adopted by 
Matsushita and Japan Victor. 

In the Sony lab, Kihara and his associates took the 
next logical step beyond the U-Matic and produced the 
now legendary Betamax, which was ready for commer- 

< cialization by early 1974 and on the Japanese '"market in 
mid- 1975. By eliminating the guard band between re- , 
cording tracks and exploiting the limits of technology 
in both heads and tapes, Sony designers reduced the' 
amount of tape needed to record an hour of program by 
70 percent. Less tape permitted a smaller^ less expensive 
cassette, which in turn permitted a smaller recorder. 

Within two years, engineers at Japan Victor, adopting 
some of Sony's innovations and adding variations of 

■ their own, had perfected an alternative design. Termed 

^VHS (Video Home System), it was adored by Japan 
Victor's parent firm, Matsushita, and now shares the 
bulk df the world market with Sony's Beta format. 10 

# Matsushita announced fhe production of their two mil- * 
lionth VHS* machine in late 1980; Sony's sales of Be- 
tamax machines reached -750,000 units in 1980 alone. 
The sole competitor to these products is an innovative 
Philips design, called the VR-2020, which is also pro- 
duced ^cler license by Grundig in Europe. * Volume 
manufacturing operations for the Philips VCRs. were 
starting up in 1980. * 1 

THE INGREDIENTS OF SUCCESS 

; What were the main ingredients of success in the video- 
cassette recorder innovation? Why did the American con- 
sumer electronics industry, fail totally to establish a 
manufacturing position in this field? These questions 



havg no simple answers. Any answers proposed at this 
• point are openjo challenge. Despite the recency of events 
and the incompleteness of the recordj we offer our inter- 
pretation as a working hypothesis. 

One key to understanding any innovation is to look 
at the technology. Whereas Ampex's long dominance 
of the broadcasting market was won by a single brilliant 
development produced by a small team in a few years, 
the home videocassette recorder was developed step-by- 
step ovfir twenty years, interactively, by nearly a dozen 
com£anie| worldwide. Various technical advances had 
to be combined to prodilce the necessary features and 
level (^performance for the consumer market — advances 
in magnetic materials for recording tape and, recording 
heads, and in micro-ejectronjc circuitry,, coupled*, with 
imaginative designhof tape formats, tape-handling sys- 
tems, and video circuit, design. The engineers at Sony, 
Japan Victor, an£ Matsushita contributed important in- 
ventions, but their Beta f and VHS macmnes also contain 
many elements invented by Ampex, Philips, and To- * 
shiba, whose success in trie video9assette recorder busi- 
ness is much mora limited. 

The successful firms in home video, then, are not 
distinguished from the rest by inventiveness. No single 
technical advance unlocked the door to engineering and 
market success. The successful firms are those whose 
engineering efforts integrated the technologies for the 
^home ^yjdeocassette recorder Several conclusions emerge 
from a review of ttfeir efforts;. 

First, in view of the large number of Japanese firms 
competing to'develop video recording technology, it is 
not surprising that the VCR innovators were Japanese. 
In the early 1960s, substantial development efforts ex- 
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isted at Toshiba. Matsushita, Sony, Japan Victor, Sariyo, 
Ikegami, Akai, Shibaden,,and perhaps others. Qutside 
of J^pan, only Ampex and Philips appear to have 
mounted comparable development efforts at that, time. 

While the Japanese electronics, firms were 'developing 
vfdeo technology, they were also investing in their manu- . 
facturing systems, hurturing employee relations, effec- 
tively engaging the skills of employees at all levels. , 
introducing innovative manufacturing processes,, and 
emphasizing quality and productivity throughout They 
did so with a view not only to current requiremefits, N but 
to constant improvement for the future. Such steps en- 
abled the major Japanese companies to develop produc- ^ 
* tion capabilities superior to those of most American and 
European, firms. 

Furthermore, many of these Japanese firms (and es- 
pecially the three ultimate leaders) were specialists in 
consumer products. In contrast. Ampex focused on gpv- 
ernmem and broadcast markets, and Philips was highly 
, diversified. (See Table 4.) Development efforts at Sony, 
Matsushita? and Japan Victor began with a consumer 
product as an ultimate goal. In Sony's case the goal 
included a clear definitiprfof a target cost, baposing an 
important economic discipline on developmlnt. 

Finally', there was the element of persistence. All of 
the participants in development of the technology tried 
to commen^ahze a consumer product prematurely and 
failed.-The Betamax was, in fact the fourth videewecorder 
generation Remonstrated by Sony as a * 'consumer!' prod- 
uct. In 1973, Matsushita gearod up an entire department 
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of 1,200 employees to produce a home videocassette 
recorder that failed utterly in the market. The three cur- 
rent leaders seem to have been able to maintain a strategic 

* commitment tha°t kept development going in the face of 
disappointment and failure, a strategy similar to that of 
the more publicized Japanese automotive industry, which 
had persisted despite initial failures with products first 
introduced m the U.S. market. They remained committed 
to small cars, gradually improving product perf6rmance, 
quality, and attractiveness to U.S. consumers. These 
improvements, combined with increased* productivity, 
have given Nissan, Toyota, and Honda a quality and 
production position superior to-that of U S: "automotive 
manufacturers. „ . 

The successful innovators in tTie home videocassette 
recorder ^turned out to be. then, consumer electronics 
companies that had long pursued a global ''high tech- ^ 
nology'^ratcgy Their managements foresaw consumer 
'applications of video recording 15 y$ars before the mar- 
ket could actually be 'tapped, and persisted in their com- 
mitment to devejop the basic technology even when pre- 
maturely commercialized consumer products failed in 
the market. They had a highly skilled labor force, and 
invested significantly in advanced manufacturing proc- 
esses. And^heywere quick to respond to the success of 
othbrs. f t . 

* ; "In contrast, the American consumer electronics in- 
dustry in the late 1950s affc* ^throughout the '1 960s' was 
held captive by a "different ideology. Managements re- 
sponded to the 1950s market saturatiQn, and shake-out 
by cuttim>costs. One technical manager said that the * 
standing orders from the television division were to offer 
them "any new technology available, as long as.it gets 
cost, out of the product." Product differentiation was 
sought m advertising "images," in such attributes 
.as styling, rather than in performance. 

Furthermore, the American .industry never developed 
markets abroad. A senior Zenith ekecutive (later to be- 
,. come the^company's chief executive officer), told a Har- 

* vard EBusiness School casewriter in early 1972 "that 
"we've always had our hands full with U.S. demand 
and we've always tended to stick with the biggest payoff 
and what we knew how to do best. For example,* an 
additional two "market share points in the Los Angeles 
area alone represents more sale| volume than there is' in 
rnost foreign markets." 11 • 

American managers tended' to rely on market research 
'and "objective" analysis to identify latent market op- 
portunities, whereas*firms likp Sony took risks on novel 
"products and set out todevelop the market. For example, 
.in 1955 G'.E. had attempted prematurely as it turned * 

* out, to develop the second-set market in the United States 

* with a small-screen monochrome television. In June 
1960 (a month before Sony unveiled its micro television^ 
G.E. management returned to the idea andxommissioned 
market research jn which mock-ups of sets of eight dif- 
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ferent screen sizes, weights, and prices were shown to 
interviewees. The study concluded that 4 people do not 
place a high value on portability of the television set."' 2 
Throughout the«196«s, while firms like/ Zenith. G.E. 
and RCA treated consumer electronics as a mature busi- 
ness with few opportunities for technological leadership. 
Sony, Matsushita, and JVC did th£ opposite. In radio 
and then in mohochrome and color television, they 
sought to apply advanced'technology to enhance product 
value to the consumer. Even when domestic demand was 
brisk, they began to build positions in export markets, 
starting with the largest (the United States) and aiming 
at a niche overlooked by the U.S. industry. After initial 
success, they broadened their lines and deepened 
penetration. 

Their consistent adherence to a high technology strat- 
egy enabled Sony, Matsushita, and JVC to take the lead' 
in the videocassette recorder mass consumer market. The 
technological advantage gained through this strategy was 
an important ingredient of their success. For example, 
although U S firms designed and built the first miniature 
all-transistor radios in the 1950s, Sony developed the 
first product to be successful* in the mass market. By 
capturing the major share of world markets for small 
radios, Sony and other Japanese producers gained the 
lead-in experience with consumer applications of the 
transistor. Adapting the transistor to other audio, and 
later, video products, y these firms extended their lead. 
Similar aggressive strategies in another market segment* 
audio tape recordert;* 5 provided the basis for advantage 
in another important technology, ferrite recording heads. 

Although the largest American firms in the industry, 
such as G.E. and RCA, also had major technical re- 
sources, they were unable^to bring them to bear on con- 
sumer market opportunities . Some of the barriers limiting 
their effectiveness in using new technology were orga- 
nizational. For example, one of the earliest designs for 
an all-transistor miniature portable radio was developed 
in the mid-fifties in the corporate lab of one of th£ giant 
American companies. The link to the company's own 
radio business was never forged and the circuit was li- 
censed to a Japanese producer who* incorporated it into 
products sojd successfully in the United States. Later, 
the American firm's radio business, in an attempt to 
catch up, made a photocopy of the Japanese circuit board 
astfhe basis for their own design, only to learn that they 
were copying their own lab's invention. Moreover, the 
low .priority given by the principal U.S. firms to tech- 
nology for consumer electronics limited their ability tp 
create the technological base nectssary to compete in the 
manufacture of videocassette recorders. 

Nor did U.S. firms develop production capabilities 
competitive in either efficiency or quality; instead they 
moved their manufacturing facilities to low-cost labor 
areas like Taiwan or Hong Kong, or purchased foreign 
products. They also failed in most cases to develop the 
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unique manufacturing techniques that ipight have given 
them a cost, quality, or performance edge. 

Sony, Matsushita^ and JVC, junlike most of their 
American and -European competitors, were able to im- 
plement their technological strategies through a distinc* 
tive organizational system. Technical and commercial 
staffs at Sony and Matsushita appear to work together 
effectively, to share information, and t(j understand com- 
mon goals. Top-level executives, including the chief 
executive officers, maintained the close contact with the 
+ persons developing the new technology tha>made it pos- 
sible for their firms- to respond rapiW^to developments 
in a constantly changing field. In contrast, the long- 
e'stablished U.S. firms had to contend with organizational 
barriers between technical staffs and operating busi- 
nesses, as illustrated by the transistor radio ^ample 
above. Their top managers were preoccupied with other 
priorities and did not involve themselves deeply >n VCR 
technical or marketing issues. Nor did Philips'sSnan- 
agement; a hint of the significance of these internal fac- 
tors can be seen in their response to the Betamax mven- 
tipn. Philips employs a complex and sophisticated 
organizational structure and resburce ^location system 
to manage its multiple businesses^ many countries 
around the world. White offering many advantages in 
, other respects, that complex organization may have been 
a real handicap in .this innovation. VHS, the Japanese 
'alternative to Betamax, reached the market only 18 
months after Sony, it took Philips more than five years - 
to produce their response, the innovative System 2020. 

Although the innovative success of Sony, Matsushita, 
and JVC can be attributed primarily to thejr strategies 
and organizational methods, they also benefited from 
their location in Japan. In all of their consumer elec- 
tronics businesses they served a large protected domestic 
market that provided the basic "bread and butter 7 ' for 
cash flow and growth. Furthermore, that market was not 
fragmented; the leading firms .had large shares, givitig 
them a significant scale of operations. The U.S. manu- 
facturers also had a large, concentrated domestic market, 
but they lacked two things the Japanese had from the 
start — access to an even larger foreign market, and pro- 
tection against import competition. 

The human resource base in Japan may also have * 
provided an advantage. Sony and others could draw on 
an educated, motivated, and stable work force and thus 
capitalize on skills built up within their companies 
through the custom of lifetime employment. Because of 
a unique manufacturing style that integrated effective, 
if not entirely original, methods of labor management 
with Japanese cultural traits, the Japanese developed 
quality and productivity levels that exceeded U.S. ca- 
pabilities by as much as'two to one. 

Finally, certain ba^ic cultural factors are evident in 
Japan's national industrial ideology,, which is oriented 
toward improved quality and efficiency, toward world- 



416 AAAS POLICY OUTLOOK 

^ wide marketing, and toward evaluation of performance- 
on thS basis ofiong-term rather than short-term results-, 
in the context of these underlying management assump- 
tions, the Japanese approach to consumer electronics* 
seems almost inevitable In terms of the American as- 
sumptions, it makes little sense— which brings us back 
to our main point: at the- core of the problem of American 
competitiveness are the attitudes and practices pf Amer- 
ican managers. 



MANAGERIAL ATTITUDpS AND PRACTICES 

In recent years, vthe managers of U.S. industry have 
increasingly preferred to make choices based on abstract 
analysis, of seemingly objective considerations rather 
than on the insights and judgment of pfcrsons seasoned 
in business. Concern for near-term financial perform- 
ance often outweighs long-term considerations. To- 
gether, these tendencies produce strategic behavior thpt 
is largely reactive. Confronted with effective foreign 
competitors, pursuing proactive strategies, American 
fintis seem to be losing ground. , 

Not all U,*S. firms can be characterized this way, of 
course. IBM and Texas Instruments, for example, are 
firms led by managers who combine long-term perspec- 
tive with deep knowledge of current operations. 11 But 
these are exceptions to the rule. 
. It is conventional wisdom that the- "push" of new 
technology yields the greatest rewards when guided by 
f the "puir'«of*the market. 'But the paradox of this for-* 
mulation is TRat the market's "invisible hand" is ex- 
pressed through transactions that are possible only after 
the technology is developed. Hence the rise v ^Chan- 
dler's apt phrase, of the "visible hand" of the modern 
corporation, to guide the develtpment of technology in 
anticipation of market rewards. 

In mai>9 American firms, the n^thods used to do that 
job seenrjtp have gotten out of balance, as inappropriate 
use Qf common marketing concepts thwarts the incor- 
poration of new technology into innovative products. As 
illustrated by the contrasting experiences of G.E. and 
Sony with small-screen television, the needs expressed 
in thfc market tend to reinforce the status quo because 
standard market surveys measure what the customer 
knows he or she wants now. The initial market estimates 
for computers, xerographic copiers, the Land camera, , 
and other Tiiajor innovations, for example, fell short by 
factors of thousands. Successful innovators look beyond 
expressed needs and lead-the market through technolog- 
ical innovative products that meet latent needs^EQrmal 
marif t analysis is often useful, but should not dominate 
' respurce allocations to product development. 

The very phrase "technology push" 14 may tend to 
overstate technology's rolejn the successful introduction 
of radical innovations. When an innovation captures the 



market by introducing technologies that address latent 
needs,, significant eTforts to educate users -about its in- 
herent possibilities have usually been made. The suc- 
cessful .videocassette -innovators illustrate this point; 
Sony's brilliant initial advertising of the Betamax as a 
"time shift" machine is, a classic example. 

The point is not that product development strategies 
should always be geared toward latent rather than ex- 
pressed consumer needs, but that management attitudes 
and practices geared to the quantifiable and provable, 
the^here and now, risk the loss of such opportunities^ - 
use technology to gain competitive advantage. 

The conventional wisdom about so-called "mature 
indusfries" entails a.similar risk'of missed opportunities 
for use of new technology. Mature markets may offer 
little objective evidence of readiness to sfcc^pt innovative 
products, and u is common wisdom for firms competing 
in them to .direct their main efforts to advertising, pro- 
moting, or reducing the prices of established products - 
Yet attention to customer needs can reveal opportunities 
for rewarding investments in technology to differentiate 
products in performance terms 

The assumption that competitive priorities should 
change systematically along the life cycle* of a prod**-- 
- is valid, but should not be followed blindly. The potential, 
value ofi.technological advances in produces and proc- 
esses does not decrease simply because known customer 
needs have hjeen m6t*. While U.S. managers in the tele- 
visionjndustry were focusing on volume expansion and 
cost reduction when growth leveled off, Japanese firms 
like Sony continued to studyjatent consumer needs and 
to introduce /major pr<j3uct improvements. Management 
approaches that operate according to stages in the life 
cycle create -major competitive handicaps if they dis- 
courage continuing innovation to meet underlying cus- 
tomer needs. 

" *The biases in management concepts that favor analytic 
rather than experiential evidence and short-term rather 
than long : term results are reinforced by parallel, tend- 
encies in today's systems of financial control. Three 
trends have shaped-current U.S. practice: (1) increasing 
diversification of tWe businesses enga,ge4 in by a single 
firm; (2) consequent decentralization of operations to 
semi-autonomous 14 profit centers"; reinforced by (3) the 
emergence of 4 Scientific" theories of corporate finance. 

Since the 1950s, a penchant for diversification has led 
U.S. firms farther away from their core technologies and 

. markets than it has their counterparts in Europe or Japan/ 
Managers in the United States appear to hav^arTinor- 
dinate faith in the portfolio law of large numbers, which 
holds that to amass enough product lines, technologies, 
and businesses, islo cushion against the random setbacks 
of life* This may be true for portfolios of stofks and 
bonds,' wh ere co nsiderable evidence shows that setbacks ' 
are random, but businesses~are ~^jecTloT>otfi randonr " 
setbacks and Carefully orchestrated attacks' by competi- 
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, tors Thomas J Peters, of McKinsey and Company, in 
discussing ten well-managed and successful U S. com- 
panies, notes" that all are exceptions to this tendency, 
each, he s^js. "is a hands-on operator, not a holding 
company or a conglomerate " Moreover, he argues, 
"'these companies" have achieved unusual success by 
sticking to what each knows best." resisting the terffy- 
. tation to move into new businesses that look attractive 
but require corporate skills they do nOt have. 1 '. 

The more general trend toward diversification has rein- 
forced and been reinforced by application of modern 
theories of financial portfolio management These pnn- 
. ciples have increasingly been applied to the creation and 
management of corporate portfolios, or clusters ot com- 
panies and product lines assembled through various 
modes of diversification -under a single corporate um- 
brella When applied bv a remote group of dispassionate 
experts primarily concerned with finance-and control, 
who lack hands-on experience, the mechanics ot -port- 
folio analysis and related resource allocation push man- 
agers even further toward an extreme of caution. 

The top managers of highly diversified firms neces- 
sarily find themselves unable to relate their ovv'n expe- 
riences to the vital issues of their operating businesses 
Since most of these firms use decentralized "organiza- 
tional structures,, the manager of each profit center can 
be held primarily accountable, for results. But how does 
the top manager judge the operating manager's strategic 
expenditures Tf they ,are nsLy and unlikely to produce 
near-term results? * , ^ 

Tendencies toward the near term.- and toward cfuari- 
tifiable results,, produce a situation in which many 
American managers — especially in mature industries — 
are reluctant to invest heavily in the development of new 
manufacturing processes or creative work force policies. 
By ignoring the competitive advantage of the latter, as 
in th&^case of the *ampmotive k industry, they adopted 
homogenous labor relations asvtfietated by industry 
uniops This shortsighted action hasJimited the scope 
of competitive maneuvers, and left the field of wo*rk 
force productivity to foreign competitors. Anc\ many 
US managers assumethat essential advances in process 
technology can be more easily^accomplished through 
equipment purchas^than through in : house equipment 
design and development. This assumption is less widely 
shared abroad. Although managers, overseas often seek 
to increase market share through internal development 
of advanced process technology, even when their sup- 
pliers are highly responsfve to technological advances, 
managers in the United States often restrict jri>_estments 
in process development to those items likely to reduce 
costs.ln the short run. This diminishes the opportunity 
for competitive differentiation. Even if companies de- ' 
.velop significant new products through aggressive R&D, r 
r to tie extent that they use established process technol- 
ogy ,\ they reduce their competitors' Jead time for mtro- 
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ducing similar products. Not only can investing in the 
devefopment of process technology make products more 
profitable, when it yields a proprietary process it c^an 
serve as a formidable competitive weapon Indeed, the 
barrier to enfry into videoc asset te recorder manufacture 
by U.S. firms is their lack of process know-how The 
product technology is open to all. the real ^ecret lies in 
the Japanese factories. # * 

In sum. we find that certain "modern" strategic con- 
cepts, Analytic methods, and organizational practices 
discourage thtTlvind of long-term perspective and risk 
taking necessary to sustain a high level of technological 
innovation. We may wonder why the negative conse- 
quences, of these attitudes and practices have become 
evident only in recent years A confluence of 'trends at 
work over several decades has resulted, we behevfe* in 
a' significant shift in balance. Paralleling the trends to- 
ward corporate diversification, decentralization, and use 
of new concepts of financial management is the growing 
acceptance of a certain cpneept of the \successlul 
manager 

There is widespread belief in both the business com- 
munity and academia in a concept of the professional 
manager as a " pseudo-professional '^r-an individual 
with no special expertise in a, particular industiy or tech- 
nology who nevertheless can step into and successfully, ^ 
run an unfamiliar company through strict application .of 
financial controls, strategic concepts* and market anal- 
ysis. Although we do not believe that niajbr competitive 
choices can be made without careful attention to basic 
marketing and financial issues, we fear that apparently 

, sophisticated analysis of these factors can mask a shallow " 
understanding of customers -and a shortsighted view of 
financial objectives. Moreover, no matter how* well these 
eonsidejations are understood, they are inadequate with- 
out a complementary understanding of the technological 
issues. ' * I 

It is a rare individual who commands the necessary 
depth of lifidetsjanding iin each of the major facets'of 
business strategy, markets, finances., and technologies, ( 
Good organizational des ign ensures that the operations 
of the firm are rooted in specialized units able to cdn- 
centrate on one. of thes<? dimensions. But as top man- 
agement must blend the! specialized knowledge, expe- 
rience, and insight of *eaeh iinit into/an integrated, 
coherent whole in order to make strategic decisions for 
the entire* company , the training and outlook of these • 

* integrators^ at the top of , the managerial pyramid are di- 
rectly relevant. If these ^individuals are interested in but 

jojie or two aspects of the total competitive picture, if 
their training includes £ narrow exposure to the range 
of functional specialties^, they may be unable to imple- 1 
ment the necessary, integration, • * * . 

There have been substantial changes over the last two 
decades in the training and experience that top.exeeutives. 
bring to their jobs. Companies have been placing greater 
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value on education and less on experience. The nation's 
% business schools have produced increasing numbers of 
MBAs armed with knowledge of the latent concepts and 
faith in their efficacy. No longer does the typical career 
provide future top executives with intimate hands-on 
. krtowledge of the company's technologies, customers, 
and suppliers. Since the^mid- 1950s, the percentage of 
new company presidents whose primary interests and 
expertise lie in the financial and legal areas rather than 
in production has substantially increased. 16 In addition, 
many American companies continue to fill new top man- 
agement posts from outside their ranks. In the opinion^ 
of foreign observers, accustomed td lqng-terrn careers 
in the same company or division, "high-level American 
executives seem to come and go'and switch around as 
if playing a game of musical chaws at an Alice in Won- 
derland tea party. " r In Japan, by contrast, executives 
spend a lifetime in one firm where, increasingly, it is the* 
technical man who becomes the chief executive officer. 
* * Trends in management attitpdes toward technology 
and innovation offer another explanation of the emer- 
gence in the 1970s of changes in performance. World 
War II gave great impetus to technology-based innova- 
tion and grdwth in industry. Belief in science and tech- 
nology was sometimes earned to extremes, as symbpl- 
lzed by: lavishly funded corporate research centers 
established in , country-club settings. As this impetus 
faded, in the 1960s, managers shifted emphasis towarkl 
incremental improvements and efficiency gains, a tend- 
ency 'that has been carried td extremes in the 1970s. r 
Some of these trends h^ve run their course and even 
been reversed. Since J#/6, the expenditure of industry 
funds (as distinct from government funds) on R&D has 
risen faster than l&flation. Pace-setting companies like 
G.E. and du Pont* are reemphasizing technology and 
innovation. Significantly, John Welch, G.E.'s new chief 
executive, and Edward Jefferson, the new chairman at 
du Pont, are 'Ph.D. chemists with experience in important 
innovations within their companies^ 

Although these are straws in^he wind, they suggest 
that fundamental and widespread changes in prevailing 
attftudes and practices are possible in the 1980s. 




CONCLUSION 

The fault, dear Brutus, is -not in our stars, but in 
ourselves. 

—Julius-Caesar, Act I, Scene 2 

How can the institutional climate in America be made 
more favorable foinjidustnal innovation? If our analysis 
of America's decliningjcompetitivo«position is valid, fun- 
damental changes in tjie attitudes and practices of man ; 
"agement are needed to reverse — or halt — this*decline. 



We view* these changes as a return to values once well- 
established in^vmerican industry— the ability to think 
toward the future, the willingness to innovate and to take 
bold risks in developing new technologies, new markets, ' 
and highly productive manufacturing systems But we 
also believe that these changes may require the adoption 
of new, creative policies toward labor relations and to- 
ward cooperation with government and universities 

Among the attitudes hindering American competitive- 
ness has been the tendency to neglect product and process 
technology as a competitive weapon J Senior managers 
who are inadequately informed about their industry and 
the nature 4icTfnteractions of us parts suppliers, workers, 
and customers, or who have little incentive to consider ^ 
* the long-term implications of their own decisions, are 
mote likely to display this tendency. Ijght financial con- 
trols with short-term emphasis will also bias managers 
toward choosing the less innovative, les£ technologically 
aggressive alternative Attitudes that preclude creative 
work force policies are all too cornmon. The cha?acter 
of competition also plays a role Recent Japanese success 
in the automobile and consumer electronics industries 
is partly the result of long-sJtanding technological and* 
market rivalry among several strong firms; others have 
been quick to match a successful innovator's iormula. 
The key question is. then v how these tendencies An be 
Changed to foster competition, encourage long-term de- 
velopment of basic technologies, stimulate the often 
wsky commercialization of the results of successful tech- 
nical efforts, and maximize work force effectiveness 

Government policies affect industry both directly an 1 
indirectly. Policies and programs that have an important 
impact on industrial innovation — tax structure, monetary 
policy, regulation, patent policy, and aspects of national 
science policy — have become primary considerations 
These broad policies may nurture the scientific and en- 
gineering professions o and the economy in general,, but 
they fail to provide sufficient conditions for realization 
j of the potential for industrial innovation. 

The government may also try to. create incentives for 
long-term research and development, to cushion the risks 
of innovation, and to encourage competition. But the 
'correct approach is as yet unclear, because .the linkages 
between advances in science and technology and such 
economic outcomes as productivity and innovation are 
not well understood. GovemmenUagencies can reduce 
Mhe financial risks of investment in advanced technology, 
, as they have in the past, by serving as customers for 
' innovative products. There are other areas of potential 

r influence: the Carter' Administration's Domestic Policy 
Review^ of Industrial Innovation recommended changes 
in the tax treatment of technology, but these were never 
endorsed by the President. Nor is the impact Qf the Fed- 
eral Trade Commission and Justice Department always 
clear; in many cases their rules may in fact thwart 1 in- 
.1 ' 
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novation. In the U.S. consumer electronics industry in 
1955, for example, the companies involved met most 

./economic tests for a vital industry, free of monopoly and 
♦barriers to errtry, yet innovations failed to emerge. 

Universities can facilitate long-term development of 
new.4echnologies by continuing to explore ways of struc- 
turing relationships withjndustry . HistCry suggests that 

industries with .healthy links to first-quality academic 
work are more robust. The U.S. semiconductor industry 
and German chemical" industries are cases in point. In 
certain frontier areas of engineering — robots 'or com- * 
puter-aided design — U.S.* industrial firms are already 
collaborating with university laboratories, by supplying 

. money and assigning technical personnel to work on the 
programs. Complementary programs irrw hi jh university 
personnel have access to state-of-the-art equipment and 
techniques withirwndustriaHaboratories may also prove 
mutually beneficial. F: Karl Willenbrock. Dean of the 
School- of Engineering and Applied Sciences. Southern , 
Methodist University; has suggested the po>sible devel- 

* opment of engineering analogs to the medical profes- 
sion's teaching hospitals, where practice and education 
coexist. !s In the field of science, interesting new ap- 
proaches include, the 12-year program of biomedical re- 
search sponsored ,by Monsanto at* Harvard Medical 

' School, and the /10-year program of research on com- 



bustion processes sponsored by Exxon at the Massachu- 
setts Institute of Technology. Universities, by their na- 
ture, have advantages in continuity of personnel and 
^long-term perspective, industry brings not only re- 
sources, but vital information abou^ relevant practical 
needs. »' 

Management faculties might also reftect on -some un- 
intended consequences of current methods of manage- 
ment education* Many of the dysfunctional attitudes and 
practices discussed here are clearly related to what is 
taught in financial analysis, marketing, planning, and 
related fields. Research Resigned to clarify the relation- 
ships between technological advances and economic out- 
comes would also be a valuable university contribution. 

As essential as cooperation between industry, govern- 
ment, and universities may be, opportunities for |t are 
severely limited by the nature and complexity of Amer- 
ican business We believe that the primary agents of 
change must be industry's top managers themselves. 
They provide the real leverage, for senior executives 
make the mpst significant decisions. If they are well 
informed, experienced, and committed to excellence and 
innovation /they can effect the changes that will cre- 
atively J2p this country's human and natural resources 
and put American industry back into the competitive 
position it once held throughout the world. 
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Decision-Making With Modern Information 
and Communications Technology: •■ 
Opportunities and Constraints v , 



Donald J. Hillman* 



THE GROWTH OF INFORMATION AND 
COMMUNICATIONS TECHNOLOGY ' 

The growth of sophisticated information processing sys- 
tems, accompanied- by huge advariqes in telecommuni- 
cations capabilities, constitutes an information revolu- 
tion which raises significant new -issues for policy 
makers, this paper analyzes the historical and recent 
developments in data processing and telecommunica- 
tions, the impact these advances are having on society, 
and the associated policy issues whicl^ need to be 
addressed. x * 



HISTORICAL PERSPECTIVE 



A significant aspect of the growth .of -information and 
communications technologies is that*the two technolo- 
gies aft merging. To gain a better understanding of this 
phenomenon, it may be helpful to examine three cate- 
gories which comprise the information industry; for it 
is their interaction which forms ; the most-powerful in- 
formation processing and communications systems. 



•Director. Center for Information and Computer Scwnce, Cehigh University, Bethlehem. 
Pennsylvania. * 



The functional categories of importance are: 

• information and data processing technologies; 

• word processing technologies; 

• communications technologies. 

Informatidn and Data Processing 

Informati<jn and data processing technologies are pri- , 
marily associated withpomputers. Advances in compute/ 
performance hav^been spectacular* in. both the variety 
and numberpf differept applications. Advances in nfini- 
aturizatiprinave reduced computing costs"substapually, 
thereby expanding the number of, users and^enlarging 
possible* applications. Two basic architectural features 
of computers are involved in this rapici progress. The 
first of these is a hierarchy of memorief.JAemorizs range 
from slow,^ high-capacity periphferal lie^ices (such as 
magnetic tap6s and disks) to fast, limited-capaclty^entral 
memories (such as magnetic cores or semiconductors) v 
to high-speed registers. / , 

The second feature is the central processing unjt, 
which contains the arithmetic/logic unit and a control 
unit. The arithmetic/logic unit 'manipulates the high- 
speed registers according to logical operations. The con- 
trol unit is responsible for examining the programmer's. 
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instructions, and contr&lhng the actions of the memories 
and the Arithmetic/logic unit to perform the, necessary 
operations. Instructions and data are both stored^h the 
same memory. In the future are fundamental architectural % 
changes in computer design, whictf promise to increase 
performance significantly. 

Word Processing Technology ' 

Word processing manipulates text without regard to 
message or semantic cOqtent. Text-editing, while closely 
identified with word processing, is used to align* the 
formats of large multipage dpcuments and reports, and 
to handle routine office correspondence. Word process- 
ing was applied initially t to manual Office functions, and 
it affected primarily se^etarial and clerical workers. 
There is growing-evidence, however, that word .proc- 
essing is beginning to make an impact office opera- 
tions in general, and that when linked with data proc- 
essing, the combination will substantially alter future 
management styles. 5 
Communications Technology * 

The telephone has been transformed from a signal trans- 
port device into a message processor capable of confer- 
ence calling, call forwarding, automatic dialing, auto- 
matic redialing of busy numbers, and last .number 
redialing. Digital data networks have greatly increased 

, access to online information retrieval systems, and fa- 
cilitated the transmission of large amounts of information* 
between dispersed points. Facsimile transmission is 
widespread. Optical fibers .ckn carry more simultaneous* 
messages than conventional cable. ; Cable television has 
enormous potential for, home information services, and 
videodisks and videocassette recordess^could have a sub- 
stantial impact on education as well as n^rne entertain- 
ment. The publishing industry is being changed by the 
transmission of news and literature via telecommuftica- 

' lions qpd broadcasting systems. Communications satel- 
lites provide the means«far inexpensive, reliable,, and 
real time information transfer on a:global scale. 

•RECENT DEVELOPMENTS * ' ■ 

It is the interactions Smongst the functiorts o£ data proc- # 
essing, word processing, and communicatioins that re- 
flect the real potential for advancement. Traditional dis : 
.tinctions between telephone utilities, newspaper and 
book publishing, banking, arid postal services are be- 
coming blurred, and these blurred distinctions have gen- 
erated important policy problems for both government 
and private enterpn&. 4 • ' 

In part, the issues have arisen because the electronic 
storage, manipulation, retrieval, and transmission of in- 
formation are available at costs competitive with paper. 
Several key examples illustrate the rapid development 
that has occurred in, information technology in recent 
years/ ' * • ' ' 9 



, The cost of computer main memory has been declining 
26 percent per year since 1965, and is expected to 
continue to do. so through the 1980s. 

• There is now a full range of commercially available 
# storage technologies which permit access times as low 

as a billionth of a secpnd fdfr the. small highspeed 
storage used to process information. 4 \ 

, • The new vidfeodisks can store as many as ten billion 
bits of information on a disk the size of an bridinary 
phonograph record. , 

• The performance of central.processors has increased 
at a rate of 35 .percent per year since they first were 
introduced (see Figure 1), while cost^have declined 
by about 20 percent per year (see Figure 2). 




Figure 1. Relative Computer Processor Performance 
\ 

Source Donald P Kenncy. Microcomputers (New York Amacon Press. 1978) 

• Circuit density is increasing dramatically,, particularly 
* in veryl large-scale integrated 1 (VLSI) circuits. Inte- 
grated circuits now contain 100,000 active compo- 
nents; some estimates place the number at L0 9 by 
}995 i ^ . 

• Word processing devices are acquiring communic 
^ions features which provide electronic mail functions 
as well as access to outside data-bases. * 

• Data processing combined with word processing pro- 
vides a variety of information handling, storage, and 
retrieval capabilities within one syste|n. 

• The use of microprocessors in a number of office de- 
yices — from dictation equipment to photocopiers — 
has reduced equipment size and enhanced operations 
significantly.' 

• In the last 15 years, channel capacity of a single com- 
munications satellite has'increased by a factor of 50, 
and the cost per circuit year has decreased by a factor 

' of 45. 2 . 
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Figure 2 Relative Computet\Processor price 

o 

Source DonaJd P Kenncy. Murtxompuiers (New York Amaton Pres*. 1978) , 

• Packet-Switching has become an alternative to time- 
division and circuit-switched networks. 

• Some new services combine satellite, microwave, and 
cab^e technologies for long-distance voice, data, and 
video transmission. • 

IMPACT OF INFORMATION TECHNOLOGY 

The implications of these new tools are significant. 
Within the office, traditional operations are being altered 
as mid-level managers and technicians employ minicom- 
puters to monitor work routines. Writers and editors en- 
hanced their efficiency through the direct entry of data to 
word processors. Portable terminals enable employees 
to work from theif homes. Line managers can receive 
timely information from* a variety of distant sources, 
thereby improving the decision-making process. In some 
casqs, the choice of technologies — for example, large 
central processing unit versus distributed minicompu- 
ters — will substantially affect the wa>* an enterprise 
functions. 

New information handling methods are affecting the 
commercial world in -a number of ways, as in electronic 
banking and consumer purchasing via remote terminals. 
Multinational corporatiohs operate more efficiently in the 
international marketplace, through the use of communi- 
cations technology linked to information processing. 

Computer technology is entering the home as well. 
Microprocessors imbedded in a variety of devices control 
temperatures orliifn on the oven. Innovative broadcast- 
ing and on-line services provide new forms of entertain- 
ment. Many home computers enable a user to balance 
a checkbook, plav video games, or take ^advantage of 
home education. 



The revolution has brought* us v to the dawn of a so- 
called Information Age, whose implications for society 
are both disturbing and exciting. 

THE RISE OF THE INFORMATION AGE 

i 

The role of information "has increased with the growth 
of the new technology. T^he information industry is now 
the most rapidly increasing segment of the economy. 
The use's of information technology in all aspects of our 
lives have Accelerated to the point 'where the 1980s can , 
be called the Information 4ge. In recent years policy- 
makers have turned ijSfre* attention to issues relafed to 
information. Yet, despite the findings of numerous re- 
ports and studies, substantial issues remain unresolved. 

In 1977; Porat 3 estimated that about 46 percent 6f the 
U.S. workforce was employed in the information in- 
dustry. This means that more people in the United States 
are employed in manipulating information than in manu- 
facturing products, providing services, or growing food. 
The Information Age is thus*an "era in which the ex- 
change of information will be as critical a function of 
economic organization as the production of goods." 4 

One consequence of this transformation is that infor- 
mation is now being valued as a critical resource in' the 
same sense as is labor or capital. Information is different 
in that it consoles other resources through better deci- 
sions, 5 and it -often is enhanced rather than depleted 
through use. Attempts have been made to treat infor- 
mation as a utility, and to describe mechanisms for reg- 
ulating it. 6 Another approach treats' information as a 
mixture of purely public and private goods, with price 
reflecting an allocation mechanism rather than a cost- 
recovery device. 7 Commorf to all of these approaches is v 
the goal of raising private and public productivity , 
« through improved information handling methods. 
The emergence of information as a tangible resource 
has stimulated a vigorous debate concerning its devel- 
opment. Do we need a national policy to manage our 
information resources? Is it possible to have a single 
national policy when information transcends so many 
activities and areas ofgovernment? While the recognition 
of the information economy is relatively recent, these 
questions have stirred debate in the United States for 
more than twenty years. \ 

Numerous reports have addressed the issue of scien- 
tific and technical information collection and dissemi- 
nation. Beginning with ths sorcalled ''Baker Report," 8 
which recommended the 1958 formation* of the Office 
of Science Information Service within^lhe National Sci- 
ence Foundation, the role of information in research and* 
development began to assume a more prominent position 
in the context of urgent national; goals. In 1963 the re- 
ports of Wiesner 9 and,Weinberg^° promulgated the .view 
that government, was responsible for disseminating re- 
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search results, and tor' maintaining an adequate com- 
munications system to promote the commercial appli- 
cations^ those results. Another influential report, the 
report of the , Committee on Scientific and Technical 
Communication (SATCOM). 11 recommended the partici- 
pation of private organizations in the nation's informa- 
tion programs, and suggested government support for 
scientific and technical societies. / 

In 1972, the "Greenberger Report"' 2 expounded a 
global view of government responsibilities for infor- 
mation dissemination in research, education, and private 
sector activities. Ver> much in the spirit of the times, 
the report championed the,goverrpient's role m,ejisuring 
that the country's information-resources were full} uti- 
lizeck/orthe public good. The report also recognized that 
centralization of the effort was not a necessity, and that 
the various public and pnvate organizations engaged in 
producing and disseminating information were perform- 
ing adequately, if hot optimally 

Much progress has been made toward the goal ex- 
pressed in these reports the creation of a communication 
system for the free flow of scientific and technical in- 
formation. • Many observers nevertheless believe that 
these overall objectives have not yet been reached, partly 
because me constituency of users varies significantly, as 
scientific Wl technical information concerns merge with s 
broader information policy questions. Throughout recent 
years, therefore, there has bgen a steady trend toward 
broadening the scope 'of policymaking for inforraation. 
as seen in the formation of the U.S. National Commis- 
sion on Libraries and Information Science (1975). the 
U.S. Domestic Council. Committee on the RighUo Pri- 
vacy (1976), and trie U S. Commission on Federal Pa- 
perwork H 977). * 

Despite these efforts, the tensions continue amongst ' 
various players in the federal government, and between 
the public and pnvate sectors. The.rabsence of clear 
guic^lmes and policies regarding information is keenlv * 
felt. It can be^rgued, forexample^ that the government 
should ensure, the widespread dissemination of sociaJlv 
useful information at the lowest possible cost, on the 
other hand, sorn^ say that the private sector has the more 
efficient means for doing this. The issue often centers 
on the definition ^f unfair competition, especially with 
respect' to the go^vernrnent's funding of information 
services. \ 

A major reason fqr the conflict in the development of 
information policies is the absence of a suitable mech- 
anism for resolving the issues.^No distinct roles for tbe 
public and private sectors havte emerged, and there is fto 
agreement on planning and leadership. The decision- 
making process within the federal government concern- 
ing these questipns is accordingly fragmented and dis- 
organized. In response to this situation, there have bee"h 
many proposals for new national structures to f plaq and 
coordinate information activities. Some have .suggested 



that responsibility for the formulation of communications 
and information policy be centralized, either in a specific 
department or in the Executive Office of the President, 
although otheb contend that improved coordination ef- 
forts, together with a recognition that'information issues 
plav. a large part in national policies, are sufficient to 
rationalize the decision-making process 

Both the private and the public sectors are deeply 
involved in generating and usijig information to manage 
a society that is increasingly dependent on problem- 
solving "know ledge for a wide diversity of purposes and 
needs. Clearly, we need to focus more^attention on*en- 
sunng cooperation both within the government arttl' be- 
tween the* public and private sectors This issue must be 
treated as a high priority question as the nation and the 
world grow increasingly dependent on the availability 
of information to pro\icle answers to national a\id inter- 
national problems 



POLICY QUESTIONS OF THE 
INFORMATION AGE 

The information age has been evolving over a period of 
at least twenty years, as an economy based on industrial 
production adapts to one based on the transfer of infor- 
mation. The sheer speed of change is as significant as 
. the changes themselves. The new issues* created by the 
\new technology affect all segments of society, and in- 
clude a broad range of problems, ranging from produc- 
tivity to privacy to control of information production an<l 
manpower requirements, , , 

STRUCTURE OF THE TELECOMMUNICATIONS AND 
INFORMATION INDUSTRIES * ' 

Telecommunications and data processing are merging as 
a result of the evolution of both technologies" and the 
pressures caused hv economic change. The blending of 
K these two economic sectors into the critical component 
of the information industry; is equally dependent o*n the 
•ability of the technology to support this merger and the 
economic — and sometimes social-^oressures for it 

The heart of the telecommunications network is now 
a computer — an electronic switch. At the same time, the 
usefulness of cfcita processing facilities and services is 
a function of their accessibility through the telecom- 
munications net. The growth markets for telecommuni- 
cations and data processing exist in merged services such 
as electronic message systems, electronic funds trans- 
fers, and other 7 transaction-oriented offerings. 

Telecommunications and data processing borrow tech- 
niques fr^m each other to increase the capacity and 
availability, 6f existing services Complementing these 
needs, however, are pressures for new services which 
could ^>ring about increased efficiency and effectiveness 
This second set oY motivations is now the primary engine 
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of change While the reasons for viewing telecommuni- * 
cations and data processing separately appear to be fad- 
ing, it is not clear that the two industries will be treated 
as one in po|,icy and legal terms — at least for the fore- 
seeable future Unresolved pohc> choices concern reg- 
ulation, competition, and the assured deliver) of services. 

Regulatory strateg) and requirements for the telecom- 
munications industry are relaxing, but transmission ser- 
vices will remain regulated to a considerable degree, due 
*to several factors. First, the industry is dominated by a 
corporation of unparalleled size — a circumstance which* 
will not change quickly. Second, the technolpgy employs 
an increasingly valuable and scarce resource, that is, the 
electromagnetic spectrum. Third, the industry must op- 
erate in conformity with certain, powerful social and po- 
litical policies, such as requirements for the universal 
availability of service. 

A variety of other services will, however, be at least 
partly deregulated, as a result of Federal Communica- 
tions Commission decisions, congressional legislation, 
and state public utility commission actions This process 
will affect the so-called "enhanced" telecommunica- 
tions services, for example, and more participants will 
be able to enter the market. The challenge for policy- 
makers will be to ensure that the transition is asr fair and 
minimally disruptive as possible, and to support contin- 
ued technological advancement, rather than restnet it 1 
through burdensome regulations. Critical choices will . 
emerge at the points where three distinct portions ojf the 
market meet: the regulated data processing and infor- 
mation industries, the newly deregulated enhanced com- 
munications services, and the less (but still considerably) 
regulated transmission services. A key question will be 
that of how to draw the regulatory line between basic 
transmission services and enhanced offerings. 

INFORMATION OVERLOAD 

1 

the past, the information explosion was largely paper- 
oriented, today, the new technology is creating huge 
quantities of computer- readable material. The sheer 
amount of computer-readable data compounds the tra- 
ditional problem of sifting useful information froip a 
base of material which is uneven in quality. Reductions 
in the cost of storing, processing£and retrieving infor- 
mation have only added to this dilemma. The result is 
that decision-makers are often faced with the increasingly 
difficult task of selecting critical information from moun- 
tains oLdata. i 

A case can be made that technology can .rationalize 
^the information transfer process, thereby easing infor- 
mation overload, On-line searching, for example, pro- 
vides improved methods for sorting and selecting needed 
infprmation from large amounts of data. Systems using 
computer-based selective dissemination of information, 
which also highlight materials most closely reflecting a 
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"User's interests, eliminate the need td sift through endless 
computer printouts or printed documents. ThSre is little 
doubt that as new techniques for data entry emerge — 
such p direct voice to computer — the amount of (lata 
gathered in computer-readable form will contirfue to in- 
crease at a dramatic rate. It is hoped that the technology 
can also provide the techniques to organize and display 
information more effectively so that informed decision- 
making will be enhanced rather than diminished. 

« « *. 

o 

PRIVACY 

The Federal Privacy Protection Commission carefully 
emphasized in its 1977 repopt that information privacy 
involves rpore than the traditional concepts of confiden- 
tiality imply Personal privacy in this information society 
calls, for fair practices; in maintaining and using infor- 
mation, as well as restrictions on howjjrganizations col- 
lect information The driving Jorce behind the concern 
for privacy is a desire toj^otect not only the information 
about human beings, but dlso their autonomy and indi- 
viduality. Contributing to this "situation is the drastic 
reduction in costs for storing information in computers. 
As offices become Tiighly automated, electronic mail and 
message systems increase, and personal computers pro- 
liferate, the potential for abusing the confidentiality of 
information grows, issues *of personal privacy reflect 
another area where policymakers must address the ade- 
quacy of existing legaT and institutional framevvorks to 
cope with rapid technological advances. 

INFORMATION RESOURCE MANAGEMENT 

There is a growing awareness t^iat information transfer 1 
activities play a critical role in the effective .internal 
management of both public and private sector organi- 
zations. As a result^ information is increasingly viewed 
as an important resource to be*carefully develdped and k 
utilized. In the UnitedStates nq centrai authority controls 
the establishment or maintenance of information systems* 
on a national basis. Recent efforts have been made, how- 
ever, to coordinate -government paperwork activities to 
reduce redundant collectionactivities and to increase the 
sharing of information. 

Attention paid to this issue in recent years has grown 
as the number of databases increases (for example' there 
were 528 computer^readable, publicly available'; biblio- 
graphic databases in l?79 n ), the van^ of vendors of- 
fering information services .expands, ^nd the methods 
for transferring lnformation^proliferate. '*This situation* 
calls for effective coordination and. management of all 
aspects of information gathering, processing, and dis- 
semination activities within an ofganization to ensure 
optimal use of data resources. »f \ 

This changing environment raises a number of policy 
questions, among them that of better defining the federal 
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government's role in providing public mformStion, .in 
order to prevent conflict and competition between the 
government and the private sector. Other issues include 
improving access to 'vital information, increasing coor- 
dination of government information collection anQ dis- 
semination activities, and designing appropriate man- 
agement tools and philosophies to improve information 
resource management. • 

* INFORMATION TECHNOLOGY AND EDUCATION 

As the information economy permeates society there is 
a growing need for professionals in engineering, pro- 
gramming,*and systemVanalysis beyond the number cur- ; 
rently graduating from universities. Many^pbservers be- 
lieve that our educational institutions themselves should 
emphasize mathematics and science as preparation for 
careers in a variety of technological industries. Others 
contend that the federal government should provide m- c 
^^creased funding to foster programs of tHis-kind. 

Information technology in education is also receiving 
^renewed attention. Recent advances in miniaturization 
and telecommunications networks have opened up new 
ways of assisting students in a wide array of learning 
environments. They can optimize educational resources 
which may be geographically dispersed and offer new 
- flexibility jn individualized cfourse work. Perhaps most 
importantly, computer and communications systems will 
help students**to acquire skills for using these technol- 
ogies throughout their lives and enhance their under- 
standing of modern technologies in general. A's the in- 
formation sbctery becomes more pervasive, the ability 
\ to employ" automated systems for everything from com- 
\ mercial transactions to home entertainment will become 
increasingly important. 

s / 

availability oy international 

.TELECOMMUNICATIONS AND INFORMATION RESOURCES 

Tfie growth of large scafc computer^ systems and tele- 
communications networks '.makes information available 

• * all over the world. As the globe continues to shrink,. 

domestic and international activities and policies merge. 
; • The United States continues to be the leader in the .field ' 
of information technology, but i$ faced with an incr # eas- 
. ing challenge from its .major trading partners. 

Of -particular concern 2te 0 some nations' attempts to 
control -the flow of information across their borders, The* 
United States has traditionally supported the concept of 
free flow of information internationally as fundamental 
to world economic growth' and human rights.^Imp^edi- 
ments to that flow could substantialJy damage the U.S. 
information industry through loss of peports. In'the long 

* run, other enterprises that r<Jly heavily on information, 
and communications products and services for efficient 
international operations will be most sjgnificantly.harmed. ( 



Numerous noneconomic issues — such as national sov- 
ereignty, cultural erosion, and personal privacy — are 
alsp linked to the international data flow problem. Sev- 
eral nations have responded to this problem by estab- 
lishing national strategies and policies for information 
and communications development as well. ' f 

Radios are\ another of several communications re- 
sources to raise difficult questions. The radio frequency < 
spectrum and the geostationary earth orbit are finite re- m 
sources whose usMs allocated by the International Tele- 
communications Union amoqg its 154 members. As the 
spectrum becomes more congested, issues of equitable 
allocation of radio frequences have bfecome increasingly 
critical as evidenced by the considerable attention fo- 
cused on the 1979 World Administrative Radio 
Conference. 

These international developments directly affect the 
ability of the United States to maintain its lead in nu- 
merous high technology fields, as well as support the 
employment of information technology worldwide It is 
unclear how the United States should respond and how 
the interests of domestic users of information technology 
can be best represented internationally Other concerns 
focus on the compiementarity of our domestic and in- 
ternational policies in this area and on'the benefit at home 
of harnessing scientific and technical accomplishments 
abroad. ' \ 

INFORMATION TECHNOLOGY FORECASTS 

To, give a sharper edge to* the issues raised "aboy^e, a 
num5erof forecasts , will be made of specific technologi- 
cal developments in the first half of this decade. These 
will be divided ii)to products antf services emerging from 
* technological advancements, followed by a, discussion 
of possible legislative and regulatory responses. 
• * * 

INFORMATION TECHNOLOGY DEVELOPMENT^ • 

To support the types of information transfer systems 
described earlier, different computer architectures will 
be required! Specialists are ntfvy developing the tech- 
niologiesTieeded for that architecture, including?* 

(1) Hard software, which" implements , important soft- 
ware functions in specialized chips\ ✓ 

(2) Very large scale integrated circuits (VLSI), ^ivhich 
pVovide the foundation for the changesyn technology 
and computer architectures- . 

(3) Bus architectures, Vfrch link together hardware 
modules in computer/communications systems via 
standard interfaces, thus enhancing lopal area 
networks. v * 

(4) Extensible languages, wliich enable the language 
facility itself rather than traditional librrfrie? to main- 

c tatn extended functions. 



Among the ke> components of these new architectures 
will be memory devices and database machmes. With 
new memory devices — such as associative memories — * 
data can be processed without first being transferred from 
slower memory to -fast memory. Database machines ap- 
proach the ideal of a pk*g*ffl database utility. These ar- 
<*ehitectures are particularly important for ver> large data- 
base systems. As noted earlier, the number of databases 
is continually increasing. Similarly, the number of on- 
line searches has quadrupled to an estimated 4 million 
per year since 1975. 14 The market is expected to grow 
rn response to the added value of databases- as retre^ 
spective literature collections and as more students are 
exposed to on-line searching. This growth in jdatabase 
services will be possible as a result of two technological, 
developments: 

• New network architectures., which will provide su- 
perior access to stored information; 

• Mini-micro based on-line information retrieval systems. 

These will enable end users to subscribe to customized 
portions of databases and to conduct aH searches on an 
jn-house mini-micro system. 

• These technological forecasts are by no means the 
only expected developments in information processing 

c in the 1980s, but they are amjjng the most important. 

EW^RGING INFORMATION SERVICES 

The information services which will probably become 
widespread in the 1980s have, in many cases, already 
emerged. Several have been referred to earlier in indi- 
cating the* scope of the communications revolution and 
the.emerging policy issues, 

'Home Information Systems • 

Home information services will flourish in the next dec- 
ade. Several experiments are currently testing.consumer 
response to these systems, generally called teletext ancf* 
videotex. 'Us^ng diffefent broadcasting or timesharing 
approaches, these systems supply information , to the 
home television, and in some cases provide for two-w^y 
communieatioi*. These systems offer a variety of ser- 
vices, including news, educational programs, and con- 
sumed information, and will probably joffer more in the 
ftfture in response to rising customer demand. 

r 

Electronic Message Systems 

_^ • 

Electronic mail systems are already operating within a 
growing number of private organizations*. At issue is 
how such services might be made available to the general 
public. The U,S. Postal Service has developed what it 
calls Electronic Computer-OriginatectMail (ECO^l), but 
it is uncertain whether the Postal, Seijvice will be au- 
thorised to enter the electronic message business in com- 
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petition with private, sector enterprises. Whatever the 
outcome of this debate, the technologv to accomphsh 
electronic message transmission is readily available fnd, 
increasingly part of home and office computer sv stems. 

Electronic Publishing 

Electronic book'and newspaper publishing will flourish 
in the 1980s. Companies with profitable databases are 
even now seeking the technology <o publish electroni- 
cally. A number of traditional publishers are expanding 
to include capabilities for database publishing and de-. 
livery of home informatipn services. One trade associ- 
ation estimated that 42 j^Fgers took ptace^in the first 
half of 1 980. |S This acquisition activity can be expected 
to continue during the 19§0s, as corporate giants respond 
to the need fjor new technology. 

Office of the Future 

» 

The office of the future will begin to take shape in the 
1980s as word processing and data processing functions 
are integrated. Future office manage^ will be able not 
only to create local communications networks, but also 
to transmit large amounts of information over great dis- 
tances: They^vill use the newly developed ^computer- 
generated graphics to display financial and operational . 
data needed for management reporting and strategic anal- 
ysis, and thereby enhance their ability for informed 
decision-making. A-related activity in the workplace will 
be the widespread ejnfSloyment of computer-aided design 
providing impressive productivity gains. 

LEGISLATIVE AND REGULATORY ACTIVITIES 
> 

At present, debate among Congress, the^courts, tne Ex- 
ecutive Branch, and the independent regulatory agencies 
is underway on several key policy questions. The grow- 
ing complexity of these issues combined with the long- 
range ramifications of decisions being mad£ requires 
continued analysis and concern on the part of policy- 
makers. Among the core issues are the following: 

(1) Regulation of the communications industry. Should 
AT&T be permitted to offer information and data 
processing services? If sO, under what conditions? 
What authority should the FCC have for regulating 
the communications industry? The data' processing 
industry? Is legislation necessary or will anticipated 
court decisions settle thp mauer? 

(2) Protection of intellectual* property. Botfi Congress 
and the courts are concerned about the effect of au- 
tomation on traditional legal frameworks for pro- 
tecting ownership of information. What should be 
done to adjust copyright provisions to a world of on- 
line (Jatabases and distributing computing systems? 
What protections should be awarded »to software — 
copyright, patent, gr strictly trade secret? 
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(3) The role of government or providing information 
services. Government and private sector vie as prov- 
iders of informatibn. What limits should be placed 
on the government to prevent unfair competition *"! 
with private sector information providers? How can 
we improve coordmation of public and private sector 
information needs and services? Should such activ- 
ities as electronic mail and electronic funds transfer 
be left to the private sector, without government 
controls? 

-4 i • * 

(4) Protection of personal privacy. Growth 6f &rge 
computer systems and "centralized databases will 
continue to spark concerns for individual privacy. . 

s Will Congress pursue additional privacy legislation 
in such areas as medical or insurance records?, Will 
the greater us^ of computer systems in administering 
government programs require concomitant attention 
to computer systems security and confidentiality of 
records? 



(5) ^Government organisation of information activities 
This is one area likely to receive increased attention. 
How can the federal government improve ats marK 
agement of information resou^es? Is adequate gov- 
ernment support being provpM for research and 
development in information technology? In light of 
barriers to the flow of information being erected 
around the world/how sholild the government be 
organized to represenr U.S. information and com- * 
munications interests internationally? 

The positive resolution of those questions during the 
next several years will require enlightened decision- 
making, (tfliis necessitates a firrii understanding of the 
state of communications an^jnformation technologies, 
of (he significant advantagelfcy bring to society, and 
of the difgcult policy issueJP?y raise A hard look by 
policymakers at the impact of new technologies on all 
sectors of the econemy and the public is important prep- 
aration for the Information Age. 



*RE§|RENCE^ v * 

1 EJoward £ Resmkoff^and Edward C Weiss.V*A|apnng-tlse of 
Infemfation &uid Knowledge to Enhance Productivity" V^P° T presetted 
' ( at fl^Gonference 'on Productivity Research. ^merWn* Rfoduchvity 
'Center, Houston. Texa£%-24^Apr^l 980. p 'Vl X ° 
.2 *Ibid\ p^}3 t .° # J>^ * 

3. Marc UrYPorat. The' Info rmatientfycorfdng^ ^Definition jind ° 
Measurement. (2) Sources and Methods for M?asanqg, the Primary? 
Information Sector (Washington. D C x Department of <§ftf"^r^e t \ 
Office of Telecommunications Special Publication 77-12, MWj\91't$ 
* 4. J Becker, editor. The Information Society An Inter nati&fpU our - 
nal. announcement (New York: £ rane. Russak and Ca). ^ • v o 

5. " Walter M Carlson, guest editorial. Jhe Information Manager. 
vol. 2, no. 2 (1980) * / m 1 

6. Information Utilities Proceedings of the American Society for 
Information Science Annual Meeting, American Society flor Informs . 
lion Science, vol 11 (1974) $ ' X *. 

7N{&. Dei Rossi . A Framework for the Economic Evaluation of 
Pricin\gan3 Capacity Decisions for Automated Scientific Information 
Retrieval Systems (Washington. D C National Bureau of Stand^rj^ 



19734 * 
8. US. President's Science Advisory Committee. Improvigg'the 
„ .Availability of Scientific and Technical Information in the United States 
(Washington^ D C ' December 1958). p 8. 



* 9 US. Federal Council for Science and Technology. Committee 
on Scientific Information. Status Report on Scientific and Teihnual 
Information m the federal Gcnernment (Washington. DC June 
1563). p 18 

|J US* PresidentVSc*ieni.e Advisory Committee, Sueme. Gov- 
ernment, and Information The Responsibilities of the Teihnual Com- 
munity and the Government in the Transfer of Inform ation (Waslung- 
ton7D£ January T963r]T~52 

" 1 1 'National Academy of Sciences— National Academy of Engi- 
neering. Committee 6n Scientific and Technical Communication. Sw- 
entty&gpd Technical Cpmrnutluation. A Pressing National Problem 
and Rec-dmmemlatwns for Its Sbtiaion (Washington. D.*C 1969). p 
336. ' 

0 1^ National Science Foiimlation.UJ S Federal Council tor Science 
and. Technology, Making Technical Information More Useful The 
M&ndgemeni of a Vital Resource (Washington/jp.C. June 1972), p 

' * 

. 13. Martha Williams. "Database and Online Statistics for 1979." 
Bulletin of American Society for herniation Scienu;. vol 7. no. 2 
(December 1980). p 27 

1 4. Iden> . % * 

15. Anne Armstrong. 'The Jonah Syndrome." Bulletin of American 
Society for Information Science, vol. 7. no 2 (December 1986). p 20 



A 



/ * & 



4 



RelationVof Science, Government, and 
Industry: The Case of Recombinant DNA 



Charles Werner"" 



r 



iNTRODUeflON 

The emergence and rapid growth of, recombinant DNA 
and other new techniques for genetic manipulation posed 
major policy .questions in the 1970s and will continue 
to do so as the research and its applications become 
increasingly visible in the 1980s. Several of thS current^ 
issues were vividly highlighted by events during a five- 
week period in tfje fall of 1980 in Cambridge, Massa- 
chusetts, the center of the public confrontations on the 
safety of the research that made national headlines in 
1976^ ' 

^ v On October 14, 1980, a two-day biotechnology sym- 
posium opened at the Massachusetts Institute of Tech- 
nology (MIT) to an overflow, audience of 500, mostly 
from industry and investment companies. The first s£s- 
sib» featured five distinguished MIT molecular biolo- 
gists. One of them noted in his introductibn that many 
of the participants, had been reading the WGt&reet Jour- 
nal tbat morning because in a few hours shares in a 
genetic engineering firm (Genentech) were to be offered 
for the first time on the open stock exchange. The speak- 
ers talked about the origins and principles' of the basic 
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science involved in recombinant DNA and ceHTusiorT 
techniques, the frontiers of current research, possible 
applications, and difficulties that may be inherent to the 
science itself Although enthusiastic about new appli- 
cations, they emphasized that molecular biologists were 
only just beginning to understand the gene and its expres- 
sion in higher cells. One urged the assembly of indus- 
trialists and potential investors to be careful not to 44 kill 
the goose that lays the golden 'eggs,!' warning that ovfrly 
quick exploitation of the research could lower the morale 
of the scientific community. 

At midmorning a speaker interrupted his prepared re-, 
marks to announce that the Nobel Prize in Chemistry 
had just been awarded to three scientists who fiad de- 
veloped basic techniques for the new advances"in DNA 
research and applications. At the corTee break, however, 
the participants were buzzing about another "bit of news: 
The price of the rjewly offered Genentech stock had more 
than doubled within trie hour. All of this sparked private 
dispute among, several of the speakers about the appro- 
priate relatipnship of fundamental biological research in 
the universities tQ the newly developing biotechnology 
industries. They were well aware of the issues because 
all five MIT biologists on the program were involved 
with commercial enterprises in the field.. 
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Other dimensions of the new role of biology were 
^brought out by events in Cambridge during the following 
1cm? weeks. On October 28, the city's Biohazards Com- 
mittee held a public hearing to gauge community reaction 
to*the plan of Biogen, a major international genetic en- 
gineering firm, to establish a Cambridge facility for re- 
combinant JONA research jand manufacturing. Within a 
week„the Cambridge City TTouncil reactivated the Cam- 
bridge-Experimentation Review Board. Jhis citizens' 
group had been created in 1976 to consider whether 
' recombinant DNA research at Harvard and MIT posed 
a threat to the community, and had gone out of existence 
in early 1977 after recommending what was to become 
the nation's first lpcal ordinance reguj^ing f such re- 
search. In 1980, the Councir reconverts the board to 
consider Biogen *s request to locate in .the city. Two 
weeks later, in the city of Waltham (part of -the Route 
128 fiigh technology industrial area near Cambridge), 
the city counciMield a public hearing on s\mtf$r issues 
related to the operation of a Waltham genetic engineering 
firm, Collaborative Genetics. In December 1980, Wal-^ 
^am approved an ordinance regulating recombinant, 
DNA experimentation and^ise in the city. The ordinance 
requires such work to be done under the National Insti- 
tutes of Health (NIH) guidelines and mandates some 
additional safety measures. ^ . 

Meanwhile, a newly founded company* Genetics In- 
stitute, sought permission to establish its laboratory in 
Somerville, immediately adjacent to Cambridge. In Jan- 
— uary 1981, negative community response was expressed 
at a hearing attended by more than 100 people. One 
Somerville alderman challenged ; the credibility of a lead- 
ing Harvard, biologist as a safety expert because of his 
major role in the firm: 4 4 You' re more than a scientist 
now. You're a businessman." 1 Harvard and MIT" biol- 
ogists arfe prominently involved in tfie three genetic en- 
gineering companies under public scrutiny by local gov- 
ernments in Canftiridge, Somerville, and Waltham. 

Yet another indication of current reactions to issues 
raised by the applications of molecular genetics was the 
response by the faculty of Harvard University to the 
proposal that the university itself take a role in founding 
a company for commercial exploitation of recombinant 
' DNA techniques, iijvolviftg some^faculty members and 
making use of untverStty-owned patents.* The intense 
discussions in Cambridge had echoes at other leading 
universities throughout the United States. Finally, in 
November 1980, the Harvard Corporation r^ected the 
* plan !?etau$e of its potential for generating conflicts with 
academic values through, intetference with open' com- 
munication, influence on criteria forpromotionTintrusion 
on commitments to teaching and research, and damage 
to the credibility and integrity oT the university. 2 Harvard 
(and many other American universities) continue, how- 
ever, to explore ways of obtaining financial benefit from 
* 



•the applications of publicly funded research done in 
university laboratories. . 

These developments dramatically illustrate major un- 
resolved national issues in contemporary relations among 
science, government, aijd industry. Although the focus 
in this account is on recombinant DNA technology, simi- 
lar issues arise in other areas of science and engineering. 
The problems involye: 

(1) The public's perception of new technology and de- 
termination Of the role the public should play in 
defining the purposes and goals of new technology, 
and the conditions under which it should be developed; 

(2) Determination of whether and how to regulate new 
technology; 

(3) The relationship of federally funded basic research 
to commercial exploitation of its applications; * 

(4) The effects of increased university interaction with 
industry on the ^irtfction and quality of basic scieqce, 
oh the community of scientists, and on the university 
environment. v t 4 

In addition, ethical issues stemming from the applica- 
tions of genetics will be increasingly important in the 
1980s, at the level'of practical reality rather than mere- 
abstraction, j 

This paper reviews the background and current status 
of these issues in relation to recombinant DNA tech- 
niques. Because much has already been written about 
them, I will emphasize only those issues that h ave not 
yet received" adequate attention (see the bibliography 
which follows this paper). The field and the policy issued 
are unfolding before our eyes, providing an opportunity 
for close observation of the social and intellectual proc- 
esses of the growth of knowledge and its uses, and em- 
phasizing the need for critical examination of the related 
polidy processes. 

GROWTH OF DNA RESEARCH AND CONCERN 
ABOUT RISKS iti THE 1970s 4 

The development of recombinant DNA techniques in the 
early 1970s was a major event in the history of science 
and was a result of decades of fruitful research in mo- 
lecular biology in several nations. These techniques in- 
volved the use of newly discovered restriction enzymes 
ta isolate and remove specific gene sequences from DNA 
molecul^ of various organisms, and to recombine them 
with the DNA of qjher organisms. TJiese* techniques also 
involved the application of methods to^reprodude large 
amounts of exact copies (clones) of the hybrid or recom- 
binant DNA molecules. The ability to manipulate nu- 
cleotide sequences.directiy made it possible to transmit 
genetic information among different species. It provided 
a powerful new tool for study of the structure and func- 
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tion of genes and made it possible to study details ot 
DNA and its transcription in cells of higher organisms. 
Biologists immediately recognized the major signifi- 
cance of these developments. They were now able to 
solve problems at the forefront of knowledge, which also 
had possible important applications. 
' Of comparable importance was the fact that the sci- 
entists involved in the "work made an unprecedented ef- 
fort to ipform the scientific community— and, indirectly, 
the public-i-not only of the exciting new advances and 
potential benefits of their basic research, but also of their 
concern about potential hazards in their own laboratory' 
work. The extraordinary extent of these concerns was 
made visible in 1974 when- these researchers called on 
fellow scientists to refrain voluntarily from doing certain 
experiments until their hazards were assessed and safe- 
guards devised From the start, throughout the February 
1925 Asilomar conference, and during subsequent efforts 
to develop guidelines, the l^sue was defined by the sci- 
entists as a limited problem that the scientific community 
could solve by technical means Possible abuse or misuse 
of the research was mentioned occasionally, but it was 
excluded from major consideration, as were also its so-* 
cial implications. The discussions focused on whether 
there was any danger in the research, and if so, how the 
danger could be avoided while the research continued. 1 

Scientists, sensing the excitement ana popularity of 
the "hew field, were eager to do recombinant DNA re- 
search. Developers of the guidelines, convinced the field 
should be allowed to grow, were tetuctant to impose 
artificial restraints. The NationztfMnstitutes of Health 
were thus in the ambiguous position of encouraging the 
growth of research uslitg recombinant DNA techniques 
while at the same time taking responsibility for estab- 
lishing and enforcing safely regulations restricting such 
research. Concurrently, scientists were tooling up to use 
the new techniques and were waiting for the green light 
to proceed as- rapidly as possible. Many of those charged 
with developing guidelines felt that, evgnTnough they 
lacked information, they had to move as quickly as 
possible. *~ • * 

The scientists involved believed that they -needed to 
demonstrate that scientists, on their own, could act re- 
sponsibly to protect the.public. They felt that if they 
didn't do it on their own, someone else would do it. for 
"them. When pressures concerning regulation exist from 
both k scientists and the public and a large degree of un- 
certainty prevails, there is bound to be disagreement on 
the scientific basis of risks and the weight attache^ to 
them. The process of establishing, rules therefore in- 
volved formulating a series of compromises. It was n£jb- 
ess^ry to provide a framework for safe conduct of the 
research acceptable to the scientists affected by the reg- 
ulations and at the same rime to assure the public that 
jt would be protected against possible hazards. The N1H 
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Guidelines for Research Involving Recombinant DNA 
Molecules took effect in July 1976, and subsequently 
governed federally funded university research in the 
United States. TIjey became the model for guidelines jn 
several other countries as well. 

By 1977, scientists in the field were issuing public 
statements explaining that they now^ felt that the hazards 
hatf been exaggerated and that, in fact, the experience 
of biologists since 1973 (when they first sounded ttte 
alarm) had convinced them that much of the concern was 
groundless. These statements came after a year of public 
controversy regarding the risks involved, and after Con- 
gress had J>egun to consider legislation to regulate re- 
combinant DNA research. The experience of- the biol- 
ogists since, 1973 had been political as well as scientific. 

Public interest had been relatively limited untif 1976. 
Then, as ^ejearch began, concern surfaced in several 
academic, commynities. Some public controversy was 
sparked by scientists who^were critical of the guidelines 
on scientific grounds. But man> nonscieritists quickly 
realize^ that the information essential for evaluating po- 
tential jftishaps (and thus, the adequacy of the guidelines) 
was not available. There were many unknow'ns. Were 
the guidelines adequate? Were they to be believed as a 
matter of faith? Which scientists should be trusted under 
such circumstances? Were scientists acting out of self- 
interest when they assured the public that research was 
safe? What public heahh benefits might be delayed or 
lost by slowing down the research until more was krtbwn 
about the risks? - . ^ *. • - 

By the end of 1977, 16 bills were introduced in Con- 
gress and the\ubject was widely prpj?ed in 25 hearings. 
At first, many scientists were, prepared to accept the 
inevitability of federal legislation,-, wnich they hoped 
would extend NIH guideline's governing academic re- 
search to industry and prevent the proliferation of local, 
regulations more severe than the* guidelines. They soon 
'mobilized vociferous opposition to legislation that they 
^ feared would be too rigid for a new field in which the 
perceptions of risk were changing rapidly. .They believed 
that such legislation would restrict their research and 
* threaten their relative autonomy. In their lobbying efforts 
the scientists argued that new scientific evidence and 
analysis of existing data demonstrated that the proba- 
bility of risk from recombinant DNA experiments was 
much lower than they had o'riginally thought. Sympa- 
thetic ntfedia coverage and increasing- references to im- 
pending medical benefits of* the research contributed to 
a changed congressional mood. None of the pending bills 
came to a vote. 1 \ 

Rapid growth' of the research and its applications oc- 
curred*&espite the public disputes, restricting guideline*? 
special containment facHities, and related bureaucratic 
•impediments that reached down t# the laboratory level 
While the regulatory issues were being debated in com- 
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mittees and in public hearings during the late 1970s, the 
* laboratory use of recombinant DNA techniques was 
" booming, as its potential was being explored in one sub- 
field of^biology after another. It became a central tool 
for research which previously had been considered im- 
practical or impossible. Combined with other new de- 
velopments, such as rapid methods of DNA sequencing, 
it has created great intellectual excitement and activity 
* affecting all of biology, including cell biology and im- 
munology. Allready the research has led to a dramatic 
Sfefhange in the understanding of the structure of 'genes 
^OTOugh the discovery of intervening sequences and 
greater understanding of transposable elements. 4 Recom- 
, bm&nt DNA methodology rapidly has become a required 
technique in molecular biology laboratories, and more 
and more scientists are using this powerful approach 
because of its simplicity, its effectiveness, and its fruit- 
fulness in opening new areas of research. The increase 
ill the number of federal grants, the emergence of new 
journals and newsletters, special conferences, and train- 
ing workshops devoted to recombinant DNA research*— 
all indicate the enormous growth of research in the -field/ 
Although pptential applications were clear from the 



search, and the publication of a newsletter were among 
the institutional efforts that stimulated the informal com-, 
mugication network in the budding field and enlarged, 
its scope. ' ^ „ 

In addition, the discussions of the risks'and beneftts 
of the research in public forums, hearings, and fhe media 
stimulated interest among investors, industrialists,* and 
scientist^ in the possible applications" A number of bi- 
ologists never before involved in applied research began 
to consider^omraerciafuses of th^ir work. In some in*" 
stances, the early results of such efforts to produce sub- ' 
stances with important human medical applications -were 
reported directly to the press and to congressional com- 
mittees engaged in legislative hearings even befonMhey 
were published in sctetftific journals, -in order to bolster 
the aTgUment that the benefits* side of the research out- 
weighed the risks. 

All of these* activities^ contributed to the growth of" a 
technique which had great scientific merit from its in- 
ception because it had strong intellectual appeal, pro- 
vided fruitful opportunities Jov research and publication, 
and was relatively easy To learn and do Some experi- 
ments'and some applications, however, were temporarify 
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progressed, and developed much more rapidly than had 
been anticipated. Recombinant DNA and gene sequenc- 
nfg techniques have made it possible not only to isolate 
and analyze ggnes but also to engineer genes ^o make 
specific proteins for synthesis of such substances as in- 
sulin, somatostatin, interferon, and other polypeptides 
with important biomedical application. In addition to 
pharmaceutical and medical applications, the use of the 
technique in producing industrially useful enzymes has * 
also sparked great interest, and activities are underway 
in the agricultural, chemical, and energy areas. By 1980 
an estimated 100 U.S, companies were evaluating pr 
conducting recombinant DNA or other biotechnology 
research. 6 . » 

On.balance, it may well £e that conqern and contro- 
versy ovef risks and the need for control of research have 
accelerated growth of the field rather than retarded it. 
This hypothesis needs further study, but it fs supported 
by. several consequences of the special treatment given 
tp\recombinant DNA research. From the beginning, a 
need was perceived to. assess the nature juid potential of 
the research in order to determine whetjfer it posed risks 
and, if sd, to devise methods to reduc^and contain them. 
* This led^to acceleration and supplementation of normal 
' channels ojf scientific-communication. Highly 'publicized 
^meetings such as Asilomar in 1975 acquainted many 
-scientists with the background of the research and with 
*the newest results considerably earlier than they other- 
wise would have learned of it! The development of guide- 
lines, the establishment in 1976 of the NIH Office of 
Recombinant DNA Activities, which distributed brfbr- 
. mation on safe and effiderjj, host-vector systems for re- 



lERIC 



establishing, revising, ancl interpreting safety guidelines 
In addition, some scientists in the* field had less time?' for 
research because of their participation ki committee 
meetings and public hearings and because of the in- 
creased paperwork related to their laboratories. The* 
overall cost of the research was increased by the guide- 
lines and risk assessment activities and by the expenses 
for new containment fa<Mlities^mao# of which are now 
no longer required because of changes in the guidelines 
Funds for risk assignment and new facilities usually came, 
from budget categories designated for evaluation or 
building and did not drain funfls available for research. 
On tlje whole, these delays, distractions, and costs ap- 
pear to have been more than offset by the acceleration 
of the field caused by the extraordinary diffusion of in- 
formation and the intrinsic appeal hf the* research- 

CURRENT STATuI OF DNA TECHNOLOGY AND 
1TS.REGULATION 

* *> 

What is the status of regulation., risk assessment, and 

public perception ancHhvolvement jn reepmbinant DNA 

technology at the beginning of the 1980s? • 
-\ • . 

REGULATION 

r The NIH guidelines are the only regulations spgeific^y 
applying to recombinant DNA research. They have been 
adopted by other federal agen<;ie.s and now* are mandatory 
for all federally funded ^searc^J^ggcompliance s can 
result in withdrawal of ftfnding'from the institution. Pri- 
mary responsibility for determining that experiments are 
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^ carried out in accordance with the guidelines is assigned 
to the Institutional Biosafety Committee (IBC) at the 
institution where the research is done. The guidelines 
have undeqpne three major revisions by the NIH Re- 
combinant DNA Advisory Committee (RAC) since -1976 
and are continually subject to revision. The trend has 
been to relax physical and biological containment stand- 
ards an4 accountability protocols. At present, about 90 

^percent of recombinanf DNA work being pursued in the 
United St*&s~is either no longer covered by the guide- 
-lines^ or is subject to only minimal controls equivalent 
to /'standard laboratory practice." In most cases re- 
-searchers do not need to use the safety systems that had 
been introduced for biological and physical containment 

- under* the original guidelines. NIH further reduced its 
oversight role In November 1980 by eliminating'the re- 
quirement for researcher^ totregister and receive NIH 
apppval before initiating experiments for which the 
guiSlines already specify the containment level. This 
responsibility is now *n the hands of the IBC at the 
.institution where the work is to be done. 7 

NIH has not yet studied the effectiveness of the IBCs 

^ but plans to da so ^Vhen the heads of the IBCs from 
almost 200 institutions met in Washington late in No- 
vember 1980, many balked at the added responsibility 
of such an evaluation. Many participants believed that 
the IBCs could not be justified exclusively on the basis 
of the potential risks of recombinant DNA research. They 
m believed .that such research posed no greater hazards than 

. identifiable biohazards in otherjields. 8 

With the proliferation of industrial activity in the field 
and in the absence of federal legislation, NIH h^s de- 

# velopgdj)rocedures for voluntary cfflnpliance with the 
guidelines by industries using recombinant DNA tech- 
niques, and most if not all of the companies have an- 
nounced ijiat they will comply. The NIH Recombinant 
DNA Advisory*Committee-i^ currently debating its role 
in regulating industry through voluntary compliance. 
Many members and outside observers have challenged 
the ability of the committee to make judgments and take 
responsibility regarding industrial practices where they 
have inadequate expertise to deal with large-scale fer- 
mentation processes and no authority to monitor or en- 
force compliance with the guidelines. The trend has been 
for th^ committee to recommend reduction of its re- 
sponsibilities for the safety of research in the private 
sector, even in the absence of evidence that the regulatory . 
agencies^cfc playing an active role in the field. 

Several federal agencies are currently considering their 
roles and are participating in the industrial practices sub- 

"^comliTirre^r'or the Federal Interagency Advisory Com- 
mittee on Recpmbinant DNA Research, and a few are 
beginning limited efforts at regulation. The Food and 
Drug Administration is in the final stage of defining the 
policy process to regulate drugs produced by recombi- . 
nant DNA 'techniques. The National Institute 4 for Oc- 
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cupational Safety and Health has initiated a series of on- 
site surveys of companies starting up large-scale recom- 
binant Dl^A work and is studying appropriate rec- 
ommendations to industry for medical surveillance of 
employees. The" Environmental Protection Agency has 
established a research program to provide a database on 
the environmentaLlftlpacts of large-scale genetic engi- 
neering, including studies of the establishment" antf per- 
sistence of novel genomes in a variety of dnvironm^nts,. 
modeling of the probability of escape of organisms from 
containment, and exchange of genetic information. 

In addition, the Office of Technology Assessment has 
completed a study called Impacts of Applied Genetics. 
Microorganisms, Plants, and Animals, which reviews 
several aspects of the subject, including current regu- 
latory activities, and formulates options for congres- 
sional action. A Senate oversight hearing on industrial 
applications of recombinant DNA techniques was held 
in May 1980, and, although a bill (S. 2234) to register 
all recombinant. DNA research with the Department of 
Health and Human Services was introduced earlier in«*the 
year, it remained in committee and no further action was 
taken by the end of the 96th Congress. 9 There is little 
evidence of widespread congressional support for special 
regulation in this fiejd. , o 

» 

RISK ASSESSMENT * 

Potential safety risks of recombinant DNA research have 
been the-focus of coticern since the early 1970s. In 197.7 
and 1978 a consensus emerged among researchers in the 
field that the potential risks were less serious than had 
been originally, feared. ^Upon more reflective analysis of 
existing data, these biologists became convinced that 
most of their original concerns were unfounded, ^con- 
ferences and workshops in 1977 and 1978, efforts were 
made* to assess risks on the basis of available knowledge. 
The results were reassuring to the scientists and en- 
couraged them to relax the guidelines. 
% At that time, however, the first experiments specifi- 
cally designed to assess risks in tlpis field were just getting 
underlay. Defining experiments to assess risks in a 
rapidly changing new field had inherent difficulties, and 
efforts of this kind lacked precedent and experience. 10 
Risk assessments had been further delayed by lack of 
interest among scientists and bureaucratic obstacles. 
Some of the biologists involved in the deyelopment of 
NIH guidelines maintain that risk, assessment was un- 
dertaken reluctantly, in response to political pressure, 
rather than whbleheartedly, in response to technological 
reasoning. 

Othets a«giie that, although some questions have been 
answered,-' there is still too much uncertainty and not 
enough" systematicjcnowledge of risk assessment. Sev r 
- eral thoughtful risk assessment experiments have focused 
on specific areas where information was needed. Al 7 

... • ' 
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thoughlhese experiments have laid to resf a number of 
the concerns thatNiad been raised, some researched in % 
the field and some scientists on the KAC feel that the 
interpretation of data from these experiments has been 
overly optimistic and that problems and ambiguities 
noted by the investigators have been overlooked or un- 
duly minimized. In some cases, they argue, generali- 
zations have been prematurely made at a stage when 
scientific knowledge and prudence call for further case- 
by-case analysis. They maintain that too few risk ex- 
periments have been done and warn against premature 
abandonment of risk assessment. 11 

The development*and annual update by NIH of a com- 
prehensive risk assessment program was mandated by 
the Secretary of the Department of Health, Education 
and Welfare when the revised NIH guidelines were is- 
sued in Pecember 1978. It was not until late 1979 that 
NIH, the agency responsible for both the promotion and 
regulation of the research, published the final version of 
the firsfplan. The NIH proposal for the first annual 
update of the plan was released for public comment in 
September 1980, and the final version of the revised risk 
assessment program will be announced in mid-1981. 12 

The hazards of recombinant DNA research remain 
hypothetical after five years' of intense research con- 
ducted under safety guidelines at laboratories throughout 
the world. The new knowledge gained from the research, 
the promise of its applications, and the absence thus far 
of demonstrated risk, have all contributed- to a lack of 
enthusiasm among researchers for vigorous risk assess- 
ment. Now that some political battles have been won 
and the public mood ,seems -favorable, much of the will 
to devise and conduct risk studies has disappeared. Re- 
searchers who have lingering doubts about the safety of 
specific experiments or the adequacy of the containment 
prescribed by guidelines are reluctant to discuss them 
publicly because they do not want to be labeled as dis- 
sidents or to unleash new negative public reactions. 
Some researchers are critical of. those scientists who, in 
their eagerness to reassure the public, rashly proclaim 
that the research is perfectly safe. These enthusiasts, 
some argue, may provoke a backlash if- there is a real 
•(or perceived) mishap. The very success of recqmbinant 
DNA research in yielding knowledge about genetic struc- 
ture has had a sobering .effect on many scientists, who 
realize that the field is fuU^of surprises. 

At the same time therejs>pprehension that large-scale 
industrial operations mighfjpose special problems for risk 
^-assessment* In some- communities, continuing doubts 
about the safety of recombinant DNA research have been 
coupled with suspicions about the responsibility of in- 
dustry generally, especially in the wake of increasing 
public awareness occupational safety and industrial 
toxic waste problems. The motives of scientists who 
offer reassurance have also been questioned because of 
their assumed financial stake in the outcome. Federal 



* and state regulatory agencies have done little to address 
these local concerns because they are reluctant to step 
in when no risk has been demonstrated and they lack the 
appropriate expertise to assess risk. themselves. 13 

PUBLIC INVOLVEMENT 

By now it has befcome clear that the question is not 
^whether the publifc should participate in scientific and 
technological affairs that have important social conse- 
quences, but how Ihey^n participate effectively and 
intelligently. Despite high public interest in the new de- 
velopments in molecular genetics, opportunities for pub- 
lic participation at the decision-making level are still - 
limited and participation is often ineffective. Opportun- 
ities for public input at the 1976 and 1977 NIH hearings 
on the guidelines creaied some channels for public com- 
ment, and NIH has published an extensive record of the 
guidelfnes process. 14 More recently, the public -has 
shown little interest in the guidelines ,on the national 
level, and the media have only sparsely covered them, 
except when they have been reportedly violated by 
researchers. ' k 
* Several positions on the NIH Recombinant QNA Ad- 
visory Committee have been designated for "public 
members'* (about one-third of the present members, in- 
cluding the chairmao, are not scientists). Their partici- 
pation has introduced some policy issues that otherwise 
might not have been raised.' 5 Yet most of the issues 
placed before the committee are technical and generally 
beyond the expertise of members not trained in the rele- 
vant scientific fields. Many of the scientists on* the com- 
mittee have made special- efforts to explain technical 
matters to nonscientist mefnbers. Several of the non- 
scientists have developed considerable ability to discuss 
many of the technical issues. Dissenting views on matters 
of procedure and values— most recently regarding in- 
dustrial applications— have been regularly advanced by 
several public members, but they .comprise a relatively 
isolated minority on the committee and generally have 
been heavily outvoted. The public members have not 
tended to vote as a bloc. Although the committee's meet- 
ings are open to the public, most of the observers who t 
have attended during the past several years have been 
representatives of industrial firms with interests in the 
field. 16 

A few groups, such as the Cambridge Experimentation 
Review BoardT have been founded, but they have been 
9 short-lived and have not been evaluated fully. 17 They 
were initiated on short notice in response to a crisis and 
never developed a continuing involvement of the public. 
The reactivated Cambridge board, whose membership 
was virtually the same as that of the original board of 
1976, was able to build on its past experience and func- 
tion more effectively. In assessing the adequacy of reg- 
ulation of industrial recombinant DNA activities, the 



board consulted its own experts from a variety of relevant 
fields, including authorities on fermentation processes 
and sewage disposal. % 



APPLIED MOLECULAR: GEN^ICS IN THE 1980s: 
POLICY PROSPECTS AND PROBLEMS . 

PUBLIC EXPECTATIONS 

As the public controversy over the risks subsided in the 
late 1970s, attention focused on the'benefits of the re- 
search. In 1980, a steady stream of enthusiastic accounts 
in the scientific, business, and popular press, and a num- 
ber of workshops and conferences hailed a revolution in 
molecular gepetics and the birth of the Age of Biotech- 
nology !S This exuberant Vesponse was based not only 
on the power of recombinant DNA technology, but also 
on its appeal as an embodiment of current values. Re- 
combinant DNA is presented a§ a panacea that will in- 
crease productivity and profit, help solve the energy 
problem, increase world food production, and improve 
the public health. It is also regarded as consistent with 
the need for protection of the environment and conser- 
vation of resources. The* new genetic technology is pro- 
moted as a "tech fix" for lagging rates of economic 
growth and productivity. For those seeking solutions to 
economic problems through technological innovation 
and* transfer, recombinant DNA techniques represent 
ideal examples of successful experiments in this direc- 
tion. Some academic institutions advance similar argu- 
ments in the hope that applications of genetic research 
developed in university laboratories can provide them 
-with needed income. f 

The enthusiasm also reflects the desire to demonstrate 
to therpiiblic that the research has beneficial applications 
and to discourage unwarranted fears that might need- 
Jessly delay bringing needed products ,on the market. In 
addition, recombinant DNA technology is offered as a 
dramatic example otime ultimate payoff of basic re- 
search. Governmen^Plicy has been based on the as- 
sumption that even basic science research should pay off 
if it is >to receive public funds. Historically, this as- 
sumption has led to pressure on scientists for visible and 
immediate results. The clear potential of biomedical re- 
search to alleviate human suffering places it urtder special 
pressure. The history of the relationships among Con- 
gress, NIH, NSF V and other executive agencies in the 
p'ast two decades demonstrates that the political envi- 
ronment significantly influences the establishment of re- 
search priorities, tending to favor areas such as cancer 
research that may yield results of current national 
interest. 19 

The new industry of genetic technology hopes to de- 
velop, manufacture, and profitably market needed prod- 
ucts through the exploitation of state-of-the-art genetic 
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engineering techniques. Although the prospects appear 
promising, the technology is largely untried and the sci- 
entific understanding basic to it is largely incomplete. 
The effectiveness, safety, and economic advantage of 
the products have yet to be demonstrate/I Early publicity* 
about hum^n therapeutic substances, such as human in- 
sulin, growth hormones, and jnterferon-^all produced 
using recombinant DNA techniques — has not always 
made x clear whether the gene product was biologically 
active arfd performed the same functions that it would 
perform naturally. 20 The genetic technology industry 
must purify its" products to separate them from unwanted 
or unsafe substances that might be produced by the bac- 
terium containing the recombinant DNA molecule, and* 
all of this has to be economically feasible. Because tests 
are necessary to establish the safety and efficacy of the 
substances; there may be considerable time between lab- 
oratory research and commercial availability: Competi- 
tion in the biotechnology industry is hastening the pace, 
however: a few companies have already, started human 
testing of bacterial insulin, growth hormone, and 
interferon. 

! In ra'ising hopes of soUrfions to major health problems, 
the genetic technology industry may be overselling the 
public on the new technologies. For example, magazjnes 
and newspapers have already described interferon as a 
cancer cure. Natural human optimism is in this situation 
exacerbated by the highly ^competitive nature of the in- 
dustry, the prospect of large profits, the predictable en- 
thusiasm of pioneers opening up new fields, the prolif- 
eration of new companies with a need to attract investors 
in order to get off the ground, and the idealization of 
this new technology .as a solution to economic, social, 
and health problems. Unfulfilled expectations might wefl 

• lead the public to doubt the credibility and motives of 
scientists, and to become disappointed and impatient- 
with the pace and direction of research* Discontent might 
also develop among young scientists recruited into the 
genetic technology industry if the prospects for career 
developmept and continuity do not materialize fn what 
originally appeared tQ be a glamorous, intellectually 
stimulating, and lucrative field. 

Just as it would be irresponsible to overstate the claims 
for the new genetic technology industry, so would it be 
unsound to encourage and facilitate its growth without 
careful consideration of important unresolved policy is- 
sifes concerning the relations of science, government, 
and industry. 



PATENTING OF LIVING ORGANISMS 

The June 1980 Supreme Court decision (five votes to 
four), permitting the patenting of "a live human-made 
^micro-organism opened the door to action on more than 
100 patent applications based on recombinant DNA tech- 
niques. The majority opinion of the court took the po- 
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sition that the distinction between living and nonliving 
things was not relevant t© the granting of a patent, and 
that the criteria for issuing a patent must rest on whether 
the genetically manipulated bacterial strain was "a prod- 
uct of human ingenuity or^'a product of nature/' This 
bpinion rested on interpretation of the iQtqnt ofCongress 
as expressed in the Patent Act of t790.(ei*bodied in 35 
U.S.C. Section 101), the 1930 Plant Patent Act, and the 
1970 Plant Variety Protection Act. The court stated that 
Congress should debate this question if it disagreed w.ith 
the ruling. The dissenting opinion held that Congress 
had not foreseen the hew areafc made possible by genetic 
engineering and argued that Congress must act before 
the court could extend patent rights into such areas. 24 

The decision received wide press coverage and stinv 
ulated discussions about the ethical implications of pri- 
vate ownership of lite forms. The impact of the decision 
on the genetic engineering industry and on the free flow 
of scientific information was also considered. The Su- 
preme Court said its decision rested on a narrow inter- 
pretation of patent law, and some observers subsequent^ 
argued that the ruling did not involve important larger 
, issues of public policy. Others maintained that the court 
was indicating that the legal basis for its decision was 
inadequate and was inviting public bodies to prepare and 
discuss legislation. 22 Congress can, of course, enact leg- 
islation to /rohibit patenting of living organisms, whether 
they are modified or not, or it can specifically provide 
for pater/s of living organisms to whatever extent it sees 
fit. Congressional hearings may be held on the subject 
during 1981, jjnd the President's Commission for the 
• Study of Ethical Problems in Medicine and Biomedical 
and Behavioral Research is examining the issue as part 
of a more general study on genetic engineering to be 
completed in 1984. A 4 4 Public- Forum on Patentability 
of Microorganisms" was held In July 1980 by the 
American Society for Microbiology and the House Com- 
mittee on Science and Technology, but there has as yet 
been no other visible activity in Washington. 

Public interest in this issue is high, and additional 
opportunity should be provided for public discussion of 
appropriate ways to deal with the development, own- 
ership, and use of living organisms. Questions that have 
not been, adequately considered are: 

• What effect will panting have on the overall devel- 
opment of biomedical research? Does genetic research 
have special problems not shared by other fields? What 
1san be learned from the history of the effect of patents 

* in \)ther areas of research? - » 



• Who should profit from commercial applications of 
publicly funded research? Pnyate industry? Scientists 
whose research yielded 'the applications? The aca- 
" demic institutions which sponsored the research? The 
citizens whose tax dollars supported the research? 



• What ethical considerations sitould be taken. into ac- 
count when decidingpatent policy? How can effective 
public input be'obtained and -what role will it have in 
the formulation of policy? . 
i 

Many scientists are deeply concerned about the threat 
which commercial interests may pose to the traditional 
free exchange of data and to open publication in scientific 
journals. Peer review, verification of results, and'ulti- 
mately the growth of knowledge are not possible when 
research procedures are kept secret for commercial rea % 
sons. Even though the patent laws require considerable 
disclosures, many scientists are concerned that/the rapid 
industrialization of newly spawned hasic research will 
skew the intellectual development of the field and will 
degrade cooperation within the scientific ^community 
Ev6n before the Supreme Court decision. Academic bi- 
ology departments were disturbed by the possibility of 
commercial gain, which sparked disputes among col- 
leagues, aroused suspicions of piracy and premature pub- 
lication, and interfered with the exchange of data, bac- 
terial strains, and ceil lines. : * 

Stanford. Harvard. Yale, and the University of Michi- 
gan are only soirie of the universities investigating ways 
to retain an interest in potentially, profitable patents 
These institutions are. tjy and large, responding to in- 
creasing involvement of university biologists with pri- 
vate companies, either as consultants or founders and 
part owners. Individual scientists are voicing theircon- 
cern about the effect of commercial interests on their 
field or on their institutions, in private' discussions or 
through group letters circulated among their colleagues 
Yet the scientific community arid the public have had 
little opportunity to discuss these issues systematically. 
Assessment of the effect of existing arrangements on the 
university, on the health of science, on industry, and on 
the public has, to date, been inadequate. 
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THE ^HEALTH OF SCIENCE 

The recombinant DNA case directly involves three major 
factors that contribute to the health of science: the 
strength of the universities, financial support for basic 
research, and the. social system of the related scientific 
community,, .* 

Major research univershie^ where most of the work 
in basic science has traditionally been done, increasingly 
complain of impending financial shortfalls because of 
the steadily arising costs for plant, equipment, and per- 
sonnel, especially for Wsts associated with scientific re- 
search. For several years, university administrators have 
warned that federal support is not keeping pace with the 
increase.in operating expenses required to maintain high 
standards of research. In addition*, federal support for 
basic research is decreasing (in cohstant dollars) in some 
fields. Govermnenf agencies that traditionally have sup- 
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ported all or most basic research in certain fields are 
increasingly under pressure to emphasize practical results 
and man> are trying to hasten the transfer of scientific 
knowledge to practical technology 

Influenced by the commercial applications of DNA 
techniques, a number of university researchers, not pre- 
viously involved wirti industry,, have become industrial 
m consultants, joined industrial laboratories, or taken lead- 
ing role^in founding new companies The research 
on which the applications are based was developed pri- 
marily in university laboratories 'supported by public 
funds In past attempts to reap sc/ie of the financial 
benefits from new developments, major universities 
developed a variety of arrangements to benefit from the 
ownership and licensing of patents (For example, the 
Wisconsin Mumni Research Foundation was established 
;n 1925 1 Several universities are currently discussing 
other arrangements to retain a portion ol the profits gen- 
erated from university research 

The proposal recently advanced by the administration 
of Harvard University provoked strong objections from 
its own faculty and was withdrawn, but the issue at 
Harvard is by no means settled The proposed Harvard 
experiment suggested major revision of the university 
. patent policy and alteration of the formal relationships 
of the university to its investments, apd of the faculty 
to industry It would have involved the university and 
some of ils biology faculty in founding a genetic engi- 
neering company in which both the faculty members and 
the university would be shareholders. .along with private 
venture capital investors. The university, as owner of 
any pateots resulting from the work in a professor's lab- 
oratory, would license use of those patents to the com- 
pany At one point in the discussions', the Harvard admin- 
istration proposed that space in a ne,w biochemistry and 
molecular biology building be used as temporary quarters 
for the company. 24 

The reaction of the faculty,, first in the biology de- 
partment and then throughout the entire university, was 
overwhelmingly negative. The proposal was discussed 
at "faculty and department meetings and in group letters 
circulated within the university. It stimulated comments 
' in the national press. 2 < Despite the university 's claim that 0 
there would be safeguards to prevent abuse of,the system, 
opponents argued that* major university investment in the 
commercial work of faculty members would compromise 
academic freedom and lead to unavoidable conflicts of 
interest, to the detriment of the research and educational 
responsibilities of the faculty and the university. Ulti- 
mately, the Harvard Corporation, stating that "academic 
risks outweighed the financial gain," voted to withdraw 
the proposal 26 Explaining the decision, President Bok 
cited several of the objections that had been raised, in- 
cluding (a) that academic discussion could be impaired 
because of commercial' competition, (b) that professors 
and graduate students might shirk academic duties and 
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interests to pursue commercial ones, fc) that the admin- 
istration's authority to protect its academic interests 
might diminish, and (d) that Harvard's reputation for 
academic integrity might be damaged by even the ap- 
pearance of conflict between its academic and financial 
interests. The university administration emphasized, 
however, that it badly needed additional sources of fund- 
ing to strengthen the university's teaching and research 
and that it v^ould continue to explore similar proposals." 

For several years, Congress has discussed the appro- 
priate relationship of the university to commercial ex- 
ploitation of federally funded research done on university 
premises. Several recent congressional actions focus on 
transfer of technology and university licensing of patents 
and will probably stimulate great interest in the near 
future Congress has not. however, adequately consid- 
ered the need to provide stable and increasing support 
for basic research Nor has Congress recognized the im- 
portance of protecting the university from damaging 
pressures that would impair the quality of research and 
inhibit open commiMiication among scientists. 

These problems were stressed in November 1980 when 
a group of recent Nobel Prize winners visited the youse 
Subcommittee on 'Science. Research, and Technology 
to appeal for more funds for basic research and tor greater 
congressional sensitivity to the special problems of the 
scientific community. On this occasion. Hamilton Smith, 
the microbiologist who shared the Nobel Prize in 1978 
for work that laid the foundations for recombinant DNA 
research, expressed his concern that the rush toward 
commercial applications in biology would harm the aca- 
demic environment which has nurtured basic research. 
Smith noted that "free exchange of scietjtific informa- 
tion. . . may suffer, and long-term progress may be 
traded for short-term financial gain. ... We still do not 
know the structure of human chromosomes,, how the 
genes are arranged, how tissues and organs are formed, 
or even how any $ingle human gene is regulated and 
expressed." Smith called for increased federal support 
of such academic research to "prevent the gutting of the 
university faculty" by new companies in the field. 28 

An earlier warning had been sent to Congress in 19,78 
by another Nobei laureate in biology, Joshua Lederberg, 
who predicted, "The possibility of profit— especially 
when other funding is so tight — will be a distorting in- 
fluence on open communication and on the pursuit of 
scholarship." 29 Lederberg wrote that he did not think 
that his views were widely shared.within the universities. 
In 1981, however, these problems have developed into 
a major concern. 

University scientists in some fields of physics, chem- 
istry, and biology have long been involved with com- 
mercial applications of their research, especially since 
the end of World War II. However, there has been little 
systematic evaluation or historical analysis of the effects 
of these experiences on the university, on the research 
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environments on the direction and quality of basic sci- 
ence, or ori the scientists themselves. Understanding of, 
these effects— and how they have differed for specific 
scientific disciplines (anti groups within them), institu- 
tions, and historical periods— will be especially helpful 
in assessing and responding to the rapid changes now 
underway in molecular genetics. 

The events of the past decade— the development of. 
powerful new research techniques, the demands for in- 
creased public scrutiny 'of the procedures and goals of 
basic research in molecular biology, and the new rele- 
vance of such research for industrial and biomedical ap- 
plications-i-have had profound effects on the community 
of researchers involved. The excitement of these sci- 
entists over the possibility of opening up new frontiers 
was coupled with concern that safety problems and pub- 
lic distrust might hamper the research The regulator)' 
procedures, public confrontation, and political battles 
were new and unexpected, and the rapid growth of op- 
portunities for commercial applications of their work 
raised new dilemmas. Solutions to the current' problems 
must taice-ilfto account the effects on -the health of the , 
scientific community^. 

• "« * 

social and Ethical consequences 

The enormous potential of genetic technology in a variety 
of fields has been much heralded. Even if only .some of 
the hopes of its promoters materialize, the new tech- 
nology Will surely .transform our lives in the next dec- 
ades. Despite the highly visible, adverse effects of tech-, 
nology in recent times, there has* been little public 
discussion of the potential economic, social, and envi-. 
ronmental consequences of .new technologies, , nor has 
there been debate on desirable priorities for application. 
(Belatedly, energy technologies are now under debate.) 
Biotechnology presents an opportunity for just such coo 
structive discussion and planning. Which applications 
are socially valued? Which may be undesirable? What 
would we like the technology to do? Does it automati- 
cally serve "human needs" and "public purposes?" 
Who should decide about its uses, and who will benefit 
from it? Cah we in good conscience introduce and en- 
courage the growth of a powerful new technology with- 
out asking why we are doing it and for whom? 

More than a decade ago the- influential technology 
assessment report of the National Academy of Sciences 
(NAS) emphasized the need to pose such questions at 
I an early stage in the development of new technology. 
1 The NAS report stressed that, in decision-making* on f 
* technology, a wide range of human values and.concerns # 
should be considered, policy options should be pre- 
, served, and efforts to reduce uncertainties should precede 
or accompany decisions. The report called for favoring 
technological projects or developments that leave max- 
imum room for maneuver and noted that "the reversi- 



bility of an action should thus be counted as a major 
benefit; its irreversibility, a 'major cost." It also called 
for limits % $ % on the extenuo which any major technology 
is allowed to proliferate (or .conversely, to stagnate) 
without the gathering of fairly definite evidence^ either 
by the developers themselves or by some public agency' 
as to the character and extent of possible harmful ef- 
fects." The NAS .committee also warned that "society 
simply cannot afford to ^assume that xhe harmful con- 
sequences of prevalent technological trends will be neg- 
ligible or will prove readily correctable when they 
appear." 30 

In the case of the biotechnology industry, the concern 
about possible biohazards appears to have diverted the 
attention'of scientists and policymakers during the late 
1970s from the rjeed and the opportunity to make* such 
public assessments while the commercial applications 
were rapidly developing. Federal efforts were initially 
focused primarily on human health risks. Studies on the 
broader issues were initiated late and are of limited scale 
and scope. The Environmental Protection Agency has 
contracted for a sti^dy to prpduce^an assessment of "the 
potential ecologic, economic and social impact" of the 
applied genetics industry, which is expected to be com- 
pleted in 1982: The Office of Technology Assessment 
study, completed in January 1981, covers a number of 
related issues but is not yet available for publit discus- 
sion. A Congressional Research Service report on bio- 
technology prepared for the Subcommittee on Science. 
Research, and Technology of the House Committee on 
Science and Technology has recently become available.' 1 
It provides a useful overview which could help stimulate 
needed public discussion of the aims, directions, prior- 
ities, ^d potential social and ethical impacts of the de- 
velopment of biotechnology. 

Although there are ethical dimensions of all of the 
issues discussed thus far, several ethical problems related 
to genetic research and its applications have been of 
special interest. Recombinant DNA, along with other 
new techniques such as rapid gene sequencing, cell fu- 
sion, and mass tissue culture methods, may be applied 
to highef organisms, including humans. There is public 
' concern about the ethical aspects of human genetic 
screening, amniocentesis, and, more Recently, in-vitro 
fertilization, and gene therapy. The potential long-term 
effects of applied genetics on the environment and on 
evolution have also been discussed in terms of ethical 
responsibilities. As a result of the Supreme Court patent 
decision, additional concern about the ethical implica- 
tions of private ownership of living organisms has been 
voiced by many individuals and groups, including the 
National-Council'of Churches. 32 

Recent accounts in the scientific and popular press 
have called attention to the ethical decisions university 
biologists are now facing because of possible conflicts 
of interest ajising from their involvement with industry. 
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Reports of demonstrated or alleged violations of the NIH 
guidelines by a few researchers have also highlighted the 
ethical problems encountered under a system of self- 
regulation where the principal- investigator has primary 
responsibility for ensuring that safe experimental pro- 
cedures are followed. 3 * / 

The interest # in tjiese issues among the pubHc and 
within the scientific community provides an opportunity 
for serious, positive discussion. Biologists have a good 
record of concern about the ethical aspects of their work. 
Many biol<%ists recognize that their work touches on 
deep human values and has important effects on society. 
Because of their special knowledge they Qan anticipate 
and identify possible problems related to their work at 
an early stage, and participate with other groups to help 
make choices in accordance with publicly discussed ethi- 
cal and value systems. Many of the leading genetic re- 
searchers have stated their awareness of the need to help 
initiate public discussion of such issues when the time 
seem^appropriate. To establish ancfmaintain public con- 
fidence in their credibility and social responsibility, sci- 
entists must be among the- first to speak out. However, 
some scientists denigrate those who first warned against 
potential hazards of DNA research. In addition, several 
of the biologists who originally expressed concern have 
publicly recanted. Attitudes of this kind may discourage 
younger colleagues from exercising their responsibilities 
as scientists.^. 

Biologists in the 1980s face issues that pose special 
problems for their own provisional roles, for ethical 
standards, and for their reld^nships to the public. A 
vigorous effort shctold be made to encourage working 
scientists to consider these problems. Studies are needed 
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of the aspects of the life of science and the-social system^ 
of science tfiat encourage or inhibit a scientist tq develop 
an awareness of the ethical dimensions of research and 
tne related responsibility of the researcher. At the same, 
time, we should urge scientists and nonstientists to ex- 
plore these issues together,, in an effort to restore com- 
munication and, confidence. 



^CONCLUSION 

New applications of molecular genetics are rapidly 
changing the relations between science, government and_ 
industry in a research field leading the search for new' * 
knowledge about fundamental life processes. Recom- 
binant DNA is only one of several new techniques de- 
veloped during the past decade which have enormously 
enhanced the scope and pow^r of molecular genetics. 
Industrial and medical applications in this neTd are de- 
veloping at a remarkably fast pace and will have in- 

v creasingly impprtant effects on trie scientific community, 
the universities, and the public. The currenf problems 
generated by the stunning success of this basic research 
field^must be addressed^ Issues involving safety,' ethical 
choices, and social and economic impact are intertwined 

. with problems relating to patterns of government'support 
for basic research, the role of the universities, and the 
social organization and value system of the scientific 
community. A main thrust of policy in this field should 
be to help. define the roles and responsibilities, of sci- 
entists and the public in efforts to anticipate and shape 
change, cather than merely reacting to it. 
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5 Choosing Our Pleasures arid Our Poisons: 
Risk Assessment for the 1980s 

William )V. LQwranc'e* . < 



INTRODUCTION 

It only takes a few highly charged terms to evoke the 
risk-assessment milieu of the past decade: DDT, the Pill, 
skcharin, "Tris," asbestos, nuclear waste, Three Mile 
Island, smoking, black lung, Clean. Air Act, Delaney 
clause, recombinant-DNA, 2,4,5-T, "Reserve Mining 
Versus EPA," Teton Darri, DC-10. \ . 

TKis rash- of accidents, disruptions and disputes has 
left the public and its leaders fearful that the wqrld is 
awfully risky, and that although science can raise warn- 
ings*, when crucial decisions have to be made science 
backs away in uncertainty yfnirther, there is a feeling that 
as with medical cattflepsy, in which the simultaneous 
firing of too many nerves draws the body into spasms, 
the bodylpolitic has been drawn»into a kind of regulatory 
catalepsy b y too many health sc ares, too many consumer 
warnings, too many environmental lawsuits, too many 
bans, too many reversals. A related complaint is that we 
are afflicted with^excessive government intervention, 
often of a naive, or trifling, onnaysaying-sort. Among 
professional- analysts' as well as members of the public 
there is a conviction that many risk-reduction efforts are 

•Senior Fellow and Director. Ufe Sciences and*Pobhc Policy Program, The Rockefeller 
Untvenity, New York, New York 



disproportionate with the relative social burden Df the 
hazards. 

Public apprehensiveness has a number of causes. Is 
life becoming riskier? Not in any simple sense. As the 
next section of this report will demonstrate, many clas- 
sical scourges have been conquered; infants get a health- 
ier start in life; and on average people live longer lives 
than ever before. The historical record of floods, a hur- 
ricaries, typhoons, tornadoes, earthquakes, and other 
geophysical disasters shows a relatively cpnstant pattern 
of occurrence over the centuries. 1 (It is worth noticing, 
however, that migration is setting more potential victims 
in the path of hurricanes in the (?ulf states and on tQp 
of seismic faults in California.) What we are menaced 
by now are enormous increases in the physical and tem- 
poral scale and com plexity of sociotec hnicaljiazards. 
Of'these, theji^nhreatening are risks having low- 
probability and high-consequence, such as genetic disaster, 
nuclear war. and global climate change. Too, alarm 
arises, in an almost paradoxical sense, because science 
has become so much better at detecting traces of chfemi- 
cals and rare viruses, and at identifying birth defects, 
diseases, and mental stress. Often we know enough to 
worry, billot enough to be able to ameliorate the threat. 
Warnings and accusations are amplified by the pybjic 
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media, often with unseemly haste. Worse, scientific 
hunches are announced as scientific fact, only to have 
to beovithdrawn later. With all this, it would be sur- 
prising if the public's sensibilities were not battered. 

Risk-related instabilities and confrontations afflicting 
industry and governance stem as much from problems 
of societal attitude and decisionmaking -procedure as 
from deficiencies of technical analysis -and performance. 
This essay will argue that assessment will tfe improved; 
if hazards are characterized explicitly, so they can be 
faced; if risk-aversion efforts are jriented to agreed-upon 
societal goals; if comparative approaches are taken that 
provide perspective, reveal the relative effectiveness of 
programs, and lead to generation of stable, defensible 
priorities; and if attempts are always made to weigh risks 
in appropriate context with benefits and costs. The paper 
will review some institutional efforts, problems oT public 
perception, challenges to scientific integrity and author- 
ity, and a list of new and underattended hazards. It will 
, conclude with recommendations. 



THE EVOLUTION OF MORTAL AFFLICTIONS 

In his * 1803 Essay on Population Thomas Malthus ob- 
served of Jenner's new vaccine: "I have not the slightest 
doubt that if the introduction of cowpox should extirpate 
ttys smallpox, we shall find. . . increased mortality of 
some other diseased This general expectation holds true 
today' if in addition to disease we include noninfectious 
threats. The communicable diseases of smallpox, diph- 
theria, typhus, cholera, tuberculosis, and polio have been 
conquered. So have scurvy, pellagra, and other/nutri- 
tional deficiency diseases. Infant mortality* has dropped 
..dramatically. As the toll from these causes has lessened,^ 
' mortality has shifted toward degenerative diseases — no- 
tably heart disease and cancer— which are attributable 
either to personal life style or to causative agents in the 
environment. .While the causes of death have changed, 
the average-age of onset of fatal illness has moved higher. 
Life span has lengthened. Put crudely, we die now of 
stroke and cancer in part because we live long enough 
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For the United States these mortality trends are sum- 
marized in Figure l. 2 

"Thus at presenfirnHeTInited^States^thneading cause^ 
of death is heart disease* followed by cancer. The rest 
of mortality is accounted for by other diseases and by 
accidents,* homicide, and natural disaster (in that 

order). 3 m \ * 

Within these gross statistics, however, thera fs great 
variability by age and socioeconomic status: motor ve- 
hicles and other accidents kill the most children under 
14; for black males between the ages of 15 and 24 homi- 
cide is the largest threat; cirrhosis of the liver is thg^-^ 

~-5nd 
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Figure 1. Deaths from Selected Causes as aTCrccnt of AH Deaths. 
United States 

Source U S Surgeon General. f&aUh\ Ptoplt 1979 



In a recent analysis of the prospects for saving lives 
in this country, James Vaupel developed the concept of 
"early deaths." (The definitional problem is fully treated 
in his report; for short, early death can be taken to refer 
to death before the age of 65.) Vaupel concluded: 4 

The statistics indicate that the aggregate social 
losses due to death are largely attributable to early 
death and that the losses due to early death are 
immense, that the early dead suffer an egregious 
inequality in life-chances compared with thQse who 
die in old age, and that non-whites, the poor, and 
males suffer -disproportionately from early death. 
Furthermore, statistics on the leading causes of 
death and statistics comparing non-whites and' 
—t w hite^ T -males_and_females. curre nt morta lity with 
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fourth leading cause of death for people between 25 
64. ' 



mortality earlier in this country, and the United 
States with Sweden and other countries suggest that ( 
early deaths could be significantly decreased. . 

• Extrapolation of life expectancy data has led to another 
provocative observation about survival. Some analysts 
now speculate that the human species is approaching a 
"natural" life span limit of about 85 years. c In Figure 
2, the survival curve can* be seen to be becoming in- 
creasingly * 'rectangular" and approaching a limit of 85 
years. Such curves have led James Fries to predict that ■ 
"the number of very old persons will not increase, that 
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Figure 2 'The Increasingly Rectangular Survival Curve. * 

Source Jinx:* f nc*. Vhk England Journal of Medii me vol M)} | I9S0) pp ! VMS 



the average period of diminished physical vigor will de- 
crease, that chrbnic disease will occupy a smaller pro- 
portion of the typical life span, and that the need for 
medical care°in later life will decrease.'^ Even if the 
limit is inching upward^ it is doing so at a low and 
decreasing rate, so the implications Fries draws should 
remain-valid within the policy-relevant time frame. 

Surely, coming to terms with these trends will lead 
us as a society to strive less to fend off full lifetime 
mortality, and to attend more to illness, accidents, and 
to quality df* life. Among occupational diseases de- 
manding attention, for instance, are the pneumoconioses, 
'black lung disease, asbestosis, and brown lung (textile 
dust) disease; among the most debilitating, lingering, 
and painful conditions, arthritis, emphysema, and aller- 
gies; among "life style" diseases, cirrhosis of the liver 
and the venereal diseases. 



IMPROVEMENTS. IN ASSESSMENT 



BECOMING MORE COMPARATIVE j| 

As a society we find ourselves, relative to all previous 
human confutation with mortal risk, in the enviable 
but emotionally unsettling situation of living longfer and 
healthier lives than ever before; of not having to remain 
ignorant and vaguely apprehensive of hazards, but of, 
understanding many of their causes, likelihoods,~and 
effects; and.of having now accumulated substantial ex- 
perience in predicting, assessing, reducing, buffering, 
and redressing harm. Blissfujness is prevented by-otrr 
having 'too many options. If we still lived only on the 
margin of survival, we woulc} not have the luxury of 
worrying about microwaves and hak dryers. If we lacked 
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scientific understanding and the prospect of taking pre- 
ventative action, we would be more fatalistic about le- 
gionnaires disease and toxic shock Syndrome. If we had 
not established the hurricane warning network and the 
national air traffic control system, we would not have 
to argue about their budgets. 

*» * * 

As Howard Raiffa made *he central analytical point 
recently in congressional hearings,^ 1 

We must not pay attention to those voices that say 
one life is just as precious as 100 lives, or that no 
amount of money is as important as saving one life. 
Numbers do' count. Such rhetoric leads to em&- 
tional, irrational inefficiencies and when life is at 
stake we should be extremely careful lest we fail 
to save lives that could have easily been saved with 
the same resources, or lest we force our disadvan- 
taged poor to spend money that they can i|] afford 
in order to gain a measure of safety that they don't 
want 'in .comparison to their other more pressing 
% needs. 

To proceed in dealing with risks without making com- 
parisons, both of import of threats and of marginal risk- 
reduction effectiveness (and cost-effectiveness) of public 
programs, makes little sense. Yet surprisingly little so- 
phisticated comparative work has been dorj^C, 

In studies meant to be illustrative, Bernard Cohen, 
Richard Wilson, and others have assembled catalogues 
of commpn risks. Cohen has c^lculate^effects from dif- 
ferent hazards upon life expectancy (for people at spec- 
ified ages). HS finds that cigarette smoking reduces UrS. 
male life expectancy by six years on average. Being 30 
percent overweight reduces life expectancy by about four 
years. Motor vehicle accidents cut off 207 days. Xnd 
assuming that all U.S. electricity came from nuclear 
power and that the unoptimistic risk estimates published 
by the Union of Concerned Scientists are correct, Jiuclear 
accidents would claim two dzysjfpm^he life of an av- 
erage citizen. 7 Regrettably, th^ Cohen and Wilson cal- 
culations are based on very unreliable dafa, fail to take 
into account indirect effects, and are flawed in numerous 
ways. Their most valuable lessor? has beelftiNliiistrate 
how difficult it is to reduce complex-social phenomena, 
such as cigarette smoking and nuclear power generation, 
, to single scalar risk rankings. , « ' 

Stimulated in part-by the-early contributions of Chaun- 
cey Starr, over the last decade assessors have attempted 
tp compare technological- hazard to natural hazard. 8 For 
example, the so-called *Rasmussen Report" attempted 
to compare nucleS reactor accident risks^ to those of 
meteorite impacts and othervjyrtural hazards in order to 
provide some intuitive, grounding. 9 The difficulty is that 
reliable numbers are hard to compute, and since polls 
have shown that most people, including scientists, do 
not have a very accurate intuitive sense of the likelihood 
and magnitude of natural hazards, such grounding may 
not be very useful anyway. 10 
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The next logical step has been to try,to compare the 
* relative impacts various risk-reduction measures make 
on longevity. Shan Pou Tsai ahd colleagues, for. ex- 
ample, have examined the question of what gains in life 
expectancy would result if certain majoapuses of death 
were partially eliminated. They calculated that for a new- 
«born child, reduction of cardiovascular 'disease by 30 
percent nationally would add 1.98 years to life expect- 
ancy at birth; 30 percenfreduction ot malighant'cancers 
would add 0.71 years; and 30 percent reducfionpf motor 
vehicle accidents would add 0.21 years. fljifch 30 per- 
cent causative reduction were to exert effect during the 
working years 15 to 60, there would be* gains of 1.43 
years (cardiovascular), 0.26 years (cancer), and 0.14 
years (motor vehi* accidents). "Even with a scientific 
brea/throufltL in combating these causes of death/' the 

authors cfJRuded, 4i it appears tjj^future gains in life 

expectancies for th^ working^ges will not be 

spectacular." 11 - 
Richard Schwing has published similar illustrative 

calculations of longevity extension. His findings for 

American males, shown in Figure 3, chart the longevity 

increases and crude mortality rate decreases that would 

occur if certain causes of death were eliminated. It is 

obvious that further cajnpiigns against tuberculosis 

would help few men and add only weeks of life for ,~'<3) Mal.gnant and ben.gn 
American men on average, whereas reduction of heart 
disease would add years of life for a great many men. 12 
Schwing has gone on then, as*olhers have, to compare 
'the extent to which various risk : reduction measures- 
such as. requiring that automobiles be tyiilt with energy- 
absorbing steering columns, penetratiCr^resistant wind- 4 
* shields, or dual brake systems-extend longevity, anc^ 
to compare their cost-effectiveness (in dollars cost.per 
pers&n-year of life preserved). 

Obviously the outcome of comparisons is heavily de- 
pendent on the wsy the boundaries of comparison are 
set. Nowhere has this been betterillustratsd than in recent 
attempts,.such as the studies by the NAS Committee on 
Nuclear and Alternative Energy Systems (CONAES) and 
by Robert Inhaber, both of wRTCtreompared competing 
energy cycles. 13 ^In calculating the risks of coal, do 
**\ve count deaths from traitf wrecks, air pollution, oi 
release of radioactive radon from the burning fuel? In 
__ assessing-nudear.povver, do we include terrorist abuse 

i ~i:f~-.~*^~9 T« annraicinn cnla 
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or nuclear weapons proliferation? In appraising solar 
sources, do we include health effects on copper and glass 
workers? There is no avoiding such analyses. The prob- 
lem is to learn how to perform them with technical so- ; 
phistication and to take* due account of all relevant social 
considerations. Overreaching is hard to avoid. The con- 
solation of most such ambitious studies has been that the 
process- of assessment has itself sharpened the -social 
debate and claqfltid technical-analytic needs. 

That the general public is sophisticated enough to un- 
derstand ara endorse the idea of comparative risk as- 



sessment has been demonstrated in such situations as 
that in Britain at Canvey Island. Within an area of 15 
square miles on that islandjn the Thames near London 
are oil refineries, petroleunTtanks, ammonia and hydro- 
gen fluoride plants, and a liquefied. natural gas facjjity. 
When a felv years ago controversy arose as to whether 
Canvey's 33,000 people were exposed to unusually high 
risks, a thorough government inquiry was conducted. 
Upon deliberation the residents passed a resolution that 
no further constfuction be accepted uiltil the overall in- 
(justrial-accident risk on the island had been reduced to 
the average level for the United Kingdom, But they did 
not demand that their neighborhood be risk-free. 15 

That the same toleration for Comparative approaches 
holds in the United States is evident fn industrial areas, 
such -as Ohio and New Jersey, wher^ residents are de- 
manding cleanup* but^t closing of industries, Similar 
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moderation led the* Voter* of Maine, an environmentally 
sensitive state that has had to deal with colq winters but 
also with proposals of supertanker ports, in their 1980 
referendum to vote against measures that^ould h£vc^ 
had the effect of being more'restrictive of nuclear power. 
- If this country is to move toward more ['rational" 
apportionment of risk-reduction and -management ef- 
forts, w$ must assure ourselves that there is reasonable 
paraH^l between the burden, in whatever terms, of par- 
ticular risks and the.avidity.with which we defend against 
them, and that programs take Into consideration age of 
onset of harm, degree of debilitation, longevitylerosion, 
'and cost-effectivenes's of ameliorative programs. Before 
any of this can be done, hazards have 4 to be stated ex- 
plicitly and goals of hazard reduction agreed upon. 
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FACING HAZARDS EXPLICIT]/?. 

Comparative approaches are Necessarily more quantita- 
tive, and they tend to force the revelation of 
consequences. As it dawns on social consciousness that 
even strict protection inevitahly admits some residual 
harm, even if only by inducing exposure to the hazards 
of alternatives, little by little public officials have noved 
toward explicitness. - M 

One of the most widely discussed test casts is 
DES (diethylstilbestrol, the growth hormone sometimes 
fed to beef cattle). The Food and Drug Administration 

' (FDA) has formally proposed to allow beef producers 
to use tfys putatively carcinogenic but economically im- 
portant agent if they remove it from feed sufficiently in 
advance of slaughter that residual DES in marketeji beef 
does not exceed a specified extremely low concentration, 
In its proposal the FDA argue£that "the acceptable risk 
levei should (1) not significantly increa$e*the. ljuman 
cancer risk and, (2) subject to that constraint, be afc high 
a5 possible in order to permit the use of carcinogenic 
animal drugs and food* additives as decreed by Con- 
gress. ... A risk level of l in 1 million over a lifetime 
meets these criteria better than does any other that would 
differ significantly from it." The agency noted th it fur- 
ther reduction "would not significantly increase human 
profe||fon frotp cancer." 16 This and similar proposals 
are predicated on a conviction that the underlyirg car- 
cftogen assessments are • worst-possible-case over- 
estimates of human risk. The DES standard is stit under 
discussion: In March 1980 FDA Commissioner (Goyan 
stated that. he#would favor amending the food additives 
laws so that the chemicals" testi^out under the, level 
of one-chance-ih-a-million would be permitted (the 
Delaney clause prohibits even minute traces of very 
weakly testing carcinogenic additives — a prolhibitton 

>hQnored mostly in the breach, because of Its absolutist 
naturejT^ 

One by one a's cases have developed — the 19(79 Pinto 
lawsuit, the national review of earthwork darns! amend- 
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ment of the Clean Air Act — there has been a tendency 
to require that an upper bpund on the estimated actual 
hazard be stated. 



SPECIFYING RISK MANAGEMENT GOALS 

Although industrial and legislative programs usually op- 
erate under guidelines mandating "reduction of harm" 
or "protection" of consumers," the degree of reduction 
or protection is often not specified (except when absolute 
protection is called for, which, usually being impossible, 
simply amount^o defaulting). Goal ambiguities may 
remain even ^wren program objectives are spelled out 
Different goals may come into conflict: reducing use of 
asbestos insulation, in'order ta protect miners and in- 
V$ulatibn installers, may have th^effect of increasing fire 
-hazard in buildings; forbidding black airmen who are 
sioWe-cell-trait-carriers to 'serve, as Air Force pilots, to 
avoid the possibility of their becoming functionally im- 
paired under emergency oxygen loss, conflicts with equal 
opportunity goals. - * » < 

Recognizing that better guidance must be developed 
for choosing, among the many available but costly mar- 
ginal improvements in technical safeguards^ the J /Advi- 
sory Committee on* Reactor Safeguards' oRhe Nuclear 
Regulatory Commission (NRC) has urged the NRC to 
consider establishing "quantitative safety goals for over- 
all safety of nuclear power reactors." These goals might 
specify, for instance, physical "performance criteria 
("leaking of 10 percent of noble gas inventory s from 
reactor core into primary coplant no more thanxmce in 
200 reactor years") or limits on health risk ("no more 
(haxxone accident death per 1000 megawatts of electricity 
generated"). -The* Advisory Committee recently pub- 
lished An Approach to Quantitative Safety Goals for 
Nuclear Power Plants, and the Commission has set in 
motion a "plan for development and articulation ofl^RC 
safety objectives."' 7 Goals in this case include Jar more 
than the goal of generating 'economically competitive 
electricity. 

A repent Rand Corporation study for the Department 
of Energy (DOE), Issues and Problems in Inferring a 
Level of Acceptable Risk, lists types of risk-reduction 
goals that can be considered, such as minimisation "of 
maximum accident consequences; fninimization of 
probability of most probable accident; and so on. After 
describing ways in which goal choices can make a dif- 
ference to programs, th$ report ur'ges that "DOE and 
'other agencies need to be self-aware in specifying risk- 
reductiorf goals, as well as in relating. jhem to goals of. 
other agencies and interested parties, and understanding 
their implications ^the choice of energy alternatives." 18 

Skeptics may be tempted to dismiss this topic, saying 
that we in this country do not have a consensus on serial 
goals. RebuttaJ to that too-simple dismissal is evidenced, 
for example, in the way our medical X-ray protection 
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practices, which are the result ofttecades of reassessment 
and improvement by industry, medicine, and .govern- 
ment, pursue goals: minimization of probability of dam- 
age (by decrease in- frequency of use of diagnostic 
X-rays, compensated for by more sensitive films), 
minimization of potentially irreversible damage to the 
human gene pool (special protection of gonads); and 
minimization of-threat to infants in utero (again, special 
protection) 1 . The typically American goal of helping dis- 
advantaged citizens underlies special health programs for 
minority groups. The goal of 'preserving maximum con- 
sumer choice can be seen as a 'goal of food quality 



programs. - v - 

Setting goals is not impossible, but setting realistically 
attainable goals is not easy. It is imperative that programs 
be tailored to goals more precise than "protection Qf all 
'Americans against all harm," 

WEIGHING RISKS IN CONTEXT WITH BENEFITS AND 
COSTS 

All decision^, indirectly or directly, rely on judgments 
of the sort Benjamin Franklin referred to as a phidential 
algebra. " Upder the Toxic Substances Control Act the * 
Environmental Protection Agency (EPA) mu*{ protect 
the public against "unreasonable risk of injury"; under 
the stationary-sources provisions of the Clean Air Act 
it must ensure "an ample margin of safety"; under the 
Safe Drinking Water Act it must protect the public "to 
the extent feasible. . . (taking costs into consideration) 
' 'Unreasonable,"*" "ample," and "feasible" are not de- 
fined in these laws. For the- EPA the question is not 
* whether analysis but what form of analysis, taking what 
. considerations into, account. For all such risk re f ductjpn 
regimes the day has passed that benefits and costs could 
be ignored.* 

Every segment' of industry * nd government — food, 
energy, transportation— has to ask of its decision-making: 1 

• Are there ways'to bring benefits and costs into con- 
sideration along with risks? Do existing policy and 
managerial rules allow consideration of all such fac* 

' 'tors? Should they? , 

Which methodological approaches (cost-benefij anal- 
ysis, decision theory, cost-effectiveness analysis,' etc.) 
are appropriate? 

• How should secondary, indirect, and intangible effects 
be brought into consideration? 

• Are formal, explicit, published analyses required to 
form the basis of decision, or are they ifsed as infor- 
mational background only? * 

• What are the procedural rules by which definitions, 
analytic boundaries, and conceptual assumptions are^ 

. established? ^ t , 

• Should those reviewing a technological option be re* 
quijed to review, the attributes of alternatives also? 

ERIC 



After a decade of concentrating on the negative side 
of the ledger, society is now trying to learn .how to 
measure -benefits. The National Academy of Sciencefc* 
1977 study of ionizing radiation ("BEIR II") struggled 
with the issue of how to appraise the benefits of such 
applications as medical X-rays. 19 The Academy's 1979 
Food Safety Policy report -analyzed the benefits of sac- 
charin and of food-safety policies regarding mercury, 
nitrites, and aflatOxin (in peanut butter), 2a and its 1980 
report, Regulating Pesticides, described the "methods 
available for estimating marginal gains -in crop yield and 
benefit expected from a candidate pesticide. 21 

Several methods, usually for shorthand referred to as 
"risk-benefit" or "cost-benefit analysis," are available 
for constructing a balance sheet of desirable attributes ^ 
against undesirable ones. Analysis is thus a ptoblem of m 
handicapping what ^ill happen (the odds of a destruc- 
tive flood, the probable incidence of a disease) and com- 
paring quantities that are rarely expressible in common- 
denominator terms (social cost of lives shortened, 
i benefits of -production, risks of genetic mutation). 
With some- (few) well defined projects for which goals 
and constraints are agreed upon by the major affected 
'parties, for which health and environmental risks^osts, 
and benefits are well known and understood, nP^mly 
in magnitude but in social distribution, over both the 
near and long term, risk-benefit accounting has proven 
itself useful. Under such (rare) circumstances of cer- 
tainty, commonsensical estimates as well as more formal 
analyses derived from operations research are applicable. 
The latter tend to be favored by specialists, technical or 
otherwise, who have been given a ^pecifip task to ac- 
complish (the Army Corps of Engineers has pioneered fc 
in their use).*The occasional "successful" application 
of such techniques— and, one suspects, ^also the all- 
r embracing ring of their title— tempts legislators, admin- 
istrators, managers, and judges to call for their use. 

The griefs of analysis could fill a 'large set of books ; 
Mo?t reviews conclude that such apprda*hes are very 
useful for structuring discussion, but areMess useful or 
eyen subject to misuse when -granted fbnpal, legalistic 
* weight, In their Primer for Policy Analysis Edith Stokey 
and '.Richani Zeckhauser warned: 22 - 

, Henefit-cost 'analysis, is especially vulnerable to 
misapplication through carelessness, naivete, or 
outright deception. The techniques are potentially 
z dangerous to the extenttfiat they-convey an aura of . 
precision 2nd objectivity. Logically they can be no 
^more precise than the assumptions and valuations 
that they employ; frequently;. through the 1 com- 
pounding of enror?, they may be less so. Deception 
ft quite a different" matter, involving submerged 
assumptions, unfairly chosen valuations', and pur- 
^p^eM-rnisestimates. Bureaucratic agencies, for 
exafcffple, have powerful incentives to underestimate 
the costs of proposed projects. Any procedure for 
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making policy choices, from divine guidance to 
a computer algorithms, can be manipulated unfairly. 

These and otn&^critics respond to their own complaint 
by acknowledgingthat "prudential algebra" of one form 
or another must be resorted to nevertheless. 

All analytical approaches, have difficulty with scien- 
tific uncertainties; with fair and full description of so- 
cietal problems) with predicting all possible conse- 
quences; with placing a "price" on human life and 
environmental goods; with taking into account intangi- 
bles and amenities in general; antl with assessing the 
social costs of opportunities precluded:* 3 A lively theater 
for this ongoing debate has been the proceedings of the 
Occupational Safety and Health Administration (OSHA) 
on regulation of occupational carcinogens. 24 

A somewhat different approach, "cost-effectiveness 
analysis/: considers a^prespnt sttnation and oompares 
how effectively alternatives can achieve stated objec- 
tives automobile seatbelts compared to other forms of 
passive restraint, or kidney transplants compared to di- 
alysis Under the stimulus of cost-control campaigns 
analysts have developed ways of comparing the relative 
cost-effectiveness of coqnpeting medical screening tech- 
niqueg and of other medical technologies. 2% Recently the 
congressional Office of Technology Assessment pub- 
lished a useful report on The Implications of Cost- 
Effectiveness Analysis on Medical Technology. 26 
* Concluding a review for the Administrative Confer- 
ence, Michael Baram argued: 27 

In practice, regulatory uses of cost-benefit analyses * 
stifle and obstruct the achievement of legislated 
health, safety, and environmental godls. . .Further, 
to the extent that economic factors are permissible 
considerations under enabling statutes, agencies 
conduct cost-effectiveness analysis, which aids in 
determining the least costly means to designated 
goals, rather than cdst-benefit analysis, which im- 
properly determines regulatory ends as well as 
means. ^ 

Currently the National Academy of Sciences is preparing 
a report* Costs of Environment-Related Health Effects: 
A Plan for Continuing Stufy, which should describe 
ways of building a base for accounting, in effect, for the 
health-cost-effectiveness of environmental controls. 

There are other risk decision models. Jeffrey Krischer * 
has recently prepared a useful annotated bibliography of 
applications of decision analysis fo health care.. 28 One 
of the more fully developed unorthodox approaches is 
the libertarian synthesis of ethics and efficacy proposed* 
by Ronald Howard. 29 • j 

A concluding note should be that formal analysis is 
still helpless to accommodate many major effects? the 
weapons-proliferation and terrorist risks of the spread of 
civilian nucleaf power; the highly touted and ambi-potenf" 
benefits and risks of recombinant-DNA development; the 



opportunity costs from undue conservativeness in reg- 
ulation of contraceptive_and pharmaceutical development. 



DEFINING "NEGLIGIBLE" AND -INTOLERABLE," AND 
. SETTING PRIORITIES 

A disturbing feature of the 1960s and 1970s was tf&t as 
each sector of manufacturing, or municipal governance, 
or research, or purchasing, found itself having to 'con- 
front risk problems, each had to develop its own ap- 
proach and work through hearings, and scientific studies, 
and economic reviews, and lawsuits, and insurance dis- 
putes. The social learning process was, unavoidably, 
painful. So were, the' disruption and unpredictability 
caused by the lack of defensible priorities. Industries and 
agencies found themselves So distracted by disputes over 
sensational cases that they could hardly pursue their main 
tasks^even if their charter w^s to reduce major risks, 
neither "major" nor "minor" had been defined. Ex- 
pressed in a metaphor of the time, smolderingjjarnfires 
had to be neglected while brushfires were fought. 

Chastening has been accomplished. Nowjhe challenge 
is to develop ways of keeping priorities clear: to avoid* 
frittering away worry-capital on •very small hazards, to 
prohibit unbearably large hazards , and to concentrate 
decision-making attention on problems that affeQt large 
numbers of people, in important ways. This admonition 
may appear an obvious one, but our failure to protect 
appropriate priori/ies is just what has set us up for the 
regulatory "overbad" and disproportionateness we now 
labor under. 

This concern was expressed in the 1980 National 
' Academy of Sciences report, Regulating Pesticides: 30 

A serious flaw in the current procedures that those 
compounds that recede the most publicity or pres- t 
surt-group attention may not necessarily be those' 
tfcat present the greatest public health ^r environ- 
mental hazards. The current procedure does not 
provide for a broad comparison of the hazards posed 
by the large number of registered pesticides/ At the 
same time, outside pressures to regulate a specific 
compound rarely arise from careful evaluation of 
comparative risks of alternative 'pesticides. To the 
extent that external pressures are influential in de- 
termining the ordeY in whicl) the [Office of Pesti- 
cides Programs] evaluates compounds, the conse- 
quence may well J>e that considerablenesources are 
devoted to regulation of minor, lov>-risK&&inpounds 
while ypportant high-risk ones remain unreviewed 
for periods longer than would otherwise be the case. 

The March 1979 report by the National Academy of 
Sciences on Food Safety Policy proposed that the FDA 
. categorize foods as being of high, moderate, or low.risk, 
and "apply severe and general constraints only to items ' 
involving the greatest, most frequent,, and most certain 
dangers." 31 * 
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Naturally, regulatory agencies do try to apply their 
most vigofpus attention to the most important issues, but 
their problem is to set protectable priorities (ones that 
are buffered from sporadic undermining) s<Tthat all par- 
ties involved know the analytic and legal agenda and can 
allocate resources accordingly-. OSHA has tried to do 
this with occupational carcinogens, as has EPA with 
chemicals regulated under the Toxic Substances Control 
Act. The new National.Toxicologicaf ProgranVis taking 
over soma of the priority-setting tasks and will try. to 
rationalize .them across agency lines, The Consumer 
Product Safety Commission bases .its. priorities in- part 
on a "frequJ^cy-seventy fpdex" derived from a, com- 
puterized hospital-emefgency-rojom-admissions sam- 
pling system. 

"Intolerable" and "unacceptable"' are beiri£ invested 
with real-world connotations, as are "negligible" and 
"insignificant/ 4 These boundary-setting adjectives gain 
meaning in two wa*ys. as experts, insurers, and others 
rank hazards in hierarchies by severity, incidence, and 
overall social' exposure (hazards at .the topjHTO bottom 
of lists thus becoming obvious candidates/for prohibition 
or acceptance), and as public opinion, lawsuits, and so 
on indicate endorsement of the ranking. Tbis helps ad- 
ministrators and managers allocate attention to the 'dif- 
ficult cases, in the middle. 

In the beef DES example described earlier, some par- 
ties are urging that real but very small low-dose risks to 
humans be considefed "negligible." The same principle 
is being appealed to in a current legal dispute over the 
regulation of the common hair dye ingredient 4-MMPD. 
Seven hair coloring manufacturers have sued the FDA 
agaipst requiring that products containing 4-MMPD bear 
a label warning that the compound "has been determined 
to cause (jancer in laboratory animals" and "can pene- 
trate the skin." The plaintiffs argue that this stigmatizes 
the. products, that scientific proof of 4 : MMPD's carcin- 
ogenicity is weak, and that even if the chemical is car : 
cinogemc to animals "the risk is truly minuscule when 
compared to other potential or proven carcinogens. . . 
estimated to expose the individual consumer* to 'a far 
greater risk of cancer than hair dyes containing 
4-MMPD." A federal district court has remanded the 
case to the FDA, instructing the regulators to determine 
whether the chemical presents "a generally recognized - 
level of insignificant risk to human health." 32 

In a striking case recently the FDA approved the hair 
dye chemical lead acetate. While acknowledging that in t 
liigh doses the material is carcinogenic to rodents, 'the 
. agency concluded that human exposure is so small, es- 
pecially relative to overall lead intake,* as not td*\varrant^ 
prohibition. 3 . 3 

Risk ceilings also can be established. In this and many • 
other countries polychlorinated bipheflyls (PCBs) have 
been banned from commerce because their carcinogenic 
potency is judged to be absolutely intolerable. From time 



to time high-technology projects have been vetoed be- 
cause their risks were unthinkably high: some macro- 
engineering modificationsVof the environment, and cer- 
tain potentially disastrous recombinant-DNA experi- 
ments, are landmark examples. The issue may not only 
be whether the hazards* are actuarially high, butvvhether 
the threat would have an intolerably disruptive effect, 
physically or psychologically, on the fabric of society 

A useful way of environing risks is to profile them 
"as a curve of frequency versus severity, as has been done 
for illustration in Figure 4. When a number of risks are 
plotted this way, certain domains can be recognized as 
deTacto rejected (that is, society has repeatedly abjured 
from risks in that range) or, on various grounds, as hav- 
ing been defined to be unacceptable. (The ^particular 
curves drawn in Figure 4 are typical of those under dis- 
cussion currently: their numerical valueVare debatable 
The basic method, -though, of portraying cumulative, 
integrated risks in this fashion deserves exploration ) 

SEEKING ACCOMMODATION BETWEEN TECHNICAL AND 
LAY PERCEPTIONS 

It is evident that "the public" often views risk differently 
from the way technical analysts do (Of course: concen- 
sus is also rare even within relatively close circles of 
experts.) t 4 

From what db these differences of opinion stem 9 First, 
science itself is, in effect, simply a matter of ".voting": 
the scientifically True is no more than wh^t scientists 
endorse to be true. Empirical knowledge is developed 
systematically within the scientific community, subject 
to criteria of repeatability, controlled observation, sta- 
tistical significance, openness, ancj the other guides'of 
Western science. By itseltprocedure guarantees nothing, 
though. Good science is science that "works": science 
tliat can predict with consistency and generality and ac- 
curacy what will happen in the physical and" social world 
, The weighing of facts remains subjective; perfect objec- 
l fivity is a myth. i ' < 

1 And second, judgments of hazards involve consider- 
ation not only of "sjze" of risks— likelihood and^mag- 
"Yi tu de— but also of social value. 34 This of course leaves 
mlich room for disagreement. 

Researchers* have speculated that people's opinions 
about risks depend on many biasing factors,^uch as 
voluntariness of exposure, frequency of occurrence, 
amenability to personal control, Reversibility, immedi- 
acy, bizarreness, catastrophic nature, and so on. >5 

Social scientists such as Paul Sl6yic, Baruch Fisch- 
hoff,.and Sarah Lichtenstein have used polling tech- 
niques to survey risk perceptions and risk taking pro- 
clivities. What they find, to neither their surprise nor 
ours, is that people have different percejfcial biases. This 
research has concluded that humajT beings' brains, 
whether expert or lay, get overloaded with risk infor- 
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mation and have trouble comparing risks; that themedia 
accentuate sociftUrevertjerations in risk disputes; and^ 
that, in essence, people believe what they want to*be- 
Iieve. Person-in-the-street interviews of technical people 
show them to be not much better than nontechnical peo- 
ple at guessing, for example, how many fatalities are 
incurred annually from tornadoes, contraceptives, or 
lawnmowers. 36 

Many of these polling studies ar£ open to criticism. 
They suffer from the usuaf shortcomings of questionnaire 
design and the generic weaknesses of polling. Often they 
ask about only a single hazard at a time, which by failing 
to foster or force comparison, and by allowing people 
to express self-contradictory views, provides HffTe guid- 
ance for policymaking. They force people artificially to 
break down their views into components. And they are 
vulnerable to being assumed (not necessarily by tKeir 
authors) to imply findings about "the public," when in 
fact most of them have only dealt with small population 
samples. * ♦ 

Daniel Kahneman and Amos Tversky have developed 



an approach called ^-prospecj^theo^Jo accounHor the 



empirical^findings. 37 Now perhapsiheory will -guide.de- 
**^ign of more sophisticated polls. * 
i In the risk assessment domain, as in others, we are 
being forced to realize that "the public*' is a very elusive 
construct. No one person or group of people fully rep- 
resents, or is representative of, all of our citizenry, and 
the "organized public" remains small and keeps chang- 
ing in composition and opinion. For this and other rea- 
sons thenotiori'of "public participation V lacks concep- 
tual shape. To oppose closed bureaucratic proceedings 
is usually legitimate, but it is a lot* harder to devise 
proceedings that are not only open to t^e affected polity 
but that encourage extensive "public" participation 
without just opening channels for special-interest lob- 
bying. A recent Organization for Economic Cooperation 
and Development study of public participation, entitled 
Technology on Trial, concluded: 38 

». The general thrust of participatory demand would 
appear to 6e for a greater degrjee.of public account- 
ability; freer public access to technical information; 
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more timely consultation on policy options, a more 
holistic approach to the assessment of impacts: all 
of which amounts, of course, to more direct public 
participation in the exerpise of decision-making 
power. 

In recent years both governmental arid nongovern- 
mental bodies have been taking steps to seek accom- 
modation between lay perceptions and technical-analytic 
ones. 39 Regulatory agencies have opened up their pro- 
ceedings !tnd ; We solicited public input. Professional 
organizations have explored perceptual issues: in 1979 
the National Council on Radiation Protection and Meas- 
urement held a symposium resulting in a volume entitled 
Perceptions of Risk.* 0 , 

If an attitudinal bias emerges, it can be incorporated 
into standards. In recognition of the public's extraordi- 
nary concern about catastrophic potential (as opposed to 
diffuse chronic risks) of nuclear reactors, for example, 
industry and its regulators have incorporated "risk aver- 
siveness." or disproportionate conservatism, into reactor 
safeguards. 41 

A 1980 report on Approaches to Acceptable fash, 
commissioned by the Nuclear Regulatory Commission, 
< provide very constructive review of many of these de- 
cisional problems. 42 k ( 

It is worth surmising that what is under perceptual 
dispute in many cases is not only the hazard itself but 
the social "management" of it. Nowhere has this been 
more bluntly evidenced rtian in the overall conclusion 
of the President's. Commission on the Accident at Three 
Mile Island: 43 

^To^ prevent- nuclear accidents as serious as Three 
Mile Island, fundamental changes will be necessary 
in the organization, procedures, and practices and— 
above all— in the attitudes of the Nuclear Regula- 
tory Commission and, to the extent that the insti- 



tutions WennTestipred-are-typicaVoMhe-nuclear- 
* industry. 

Too, one suspects that nsk opinions often may in effect 
be proxies for more deeply-seated opinions about cor- 
porate bigness, 6r bureaucratic inaction, or erosion of 
personal control. 



mental Pesticide Act; the National Earthquake Hazards 
Reduction Act; the Medical Devices amendment to the 
Food, Drug, and Cosmetic Act, the Safe Drinking Water 
Act; the Resource Conservation and Recovery Act; and 
various Clean Air anrandjnents. To ensure independence 
of control it split the Nkiclear Regulatory Commission 
out of the old Atomic "Energy Commission. And it es- 
tablished the Environmental Protection Agency, the Oc- 
cupational Safety and Health Administration, the Con- 
sumer Product Safety Commission, the National Fire 
Prevention and Control Administration, and the Federal 
Emergency Management Agency to administer all the 
new laws. 

The effect of this legislative crusade has been to bring 
tens of thousands of hazards into regulatory framey/orks 
of many kinds, based on science, medicine, engineering, 
law , and economics that were— and still are— inadequate 
bases for decision. 

The Congress has chosen a \anety of roles for itself 
in risk assessment. It has established the regulatory' 
agencies and overseen their work. With some issues, 
such as automobile emissions, it has insisted on review- 
ing Ihe scientific and economic evidence in detail and 
. itself setting primary standards. With others, such as .the 
arcane questions of recombinant DNA research, it has 
held hearings to establish a record but has refrained from 
" instituting strong control (see the paper by Charles Wei- 
. ner innhis volume). Occasionally, in response to con- 
stituent pressure or political opportunity, it has inter- 
vened precipitously in regulatory action, as it has 
repeatedly done with saccharin, directing the FDA to 
sfay an action or requesting the National Academy of 
Sciences to conduct another study. In emergencies it has 
held high-level inquiries', as it did during the Three Mile 
Island accident. t ; 

Recently the Office of Technology Assessment, the 



INSTITUTIONAL ATTENTION 



CONGRESSIONAL ACTIONS 



; As though swatting at swarms* of hazards on all sides, 
during the 1970s the Congress passed, inter alia, the 
Consumer, Product Safety Act; the Fire Prevention and 
Control Act;- the Occupational Safety and Health Act; 
the Federal Water Pollution Control Act; the Toxic Sub- 
stances Control Act; the^Mine^Safety and Health Act; 
the (aircraft) Noise Control Act;, the Federal- Environ- 
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^eneraT'Accountihg Office, and the" Congressional Re- 
search Service have all gotten more involved in preparing 
risk-related reports for the Congress. Congressman Don 
Ritter and others have proposed mandating that cost- 
benefit analysis be used as the basis for regulatory action; 
response to this bill in heanrfgs'has been mixed. 44 Con- 
gressman William Wampler lias, in HR-6521, proposed 
creation of a National Science Council within the Ex- 
ecutive Office (lodged in the Office of Science and Tech- 
nology Policy), which would be charged with adjudi- 
cating major scientific disputes over factual- matters in 
regulatory decision-making. Prompted by sfcch flaps as 
* that over the questionable studies of health risks at Love/ 
Canal, legislators are considering establishing guidelines 
for scientific peer review of assessments used in regu- 
'« latioiv Congressional concern over risk issues remains 
high, but it tends to focus on individual hazards rather, 
than on a comparative high-risk-reduction "agenda, and 
it tends to favor regulation as its b^sfcinstrument.^ 
. f * 

73 
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ADMINISTRATION ACTIONS 

, Various Executive Branch sagas in risk decision-making 
have been described elsewhere and will not be reviewed 
here. We should, however, notice several trends that go 
beyond the straightforward execution of regulatory 
mandates. 

There is some movemenMoward interagency coordi- 
nation of regulatory actions. TJne complexity of the ad- 
ministrative task is illustrated by the fact that the Inter- 
agency Review Group on Nuclear Waste Management 
had to* be constituted from 14 major entities of govern- 
ment (the Departments of Commerce, Energy, Interior, 
State, and Transportation; NASA, ACDA, EPA, OMB, 
CEQ, OSTP. ODAP, NSC, tfnd NRC). 45 The Inter- 
agency Regulatory Liaison Group (CPSC, EPA, FDA, 
OSHA. and USDA) has developed coordinated guide- 
lines on carcinogenicity assessment. 46 A National Toxi- 
cology Pcogram has been established to serve the needs 
of a number of agencies. 

Fundamental research in support of regulatory work 
maybe improving: the National Institutes of health have 
TSecome more involved in 'matters such as development 
of reliable and practical screening tests for carcinogens; 
the Nat i o na l Science Foundation now sponsors risk- 
related policy studies; and the National Bureau of Stand- 
ards conducts fire research for the benefit of many agen- 
cies. How to marshall such support effectively Is still a 
challenge: the basic- research agencies don't have*specific 
mission mandates, and the regulatory agencies lack 
strong fundamental research capabilities. 

As part of its attempt to control economic inflation 
resulting from over-regulation, in March of 1978 the 
Carter Administration promulgated its Executive* Order 
12044, which directed* the regulatory agencies to take 
a number .of steps to "rationalize" their actions and to 
evaluate the promise of rjpn-regulatory alternatives. Most 
controversially, the order called for economic impact 
analyses of major, regulatory actions. As a result, a layer, 
of procedures and organizations^ such as the Regulatory 
Analysis Review Group and the Regulatory Council, was 
superimposed on existing, congressionally mandated 
agency structures. Adjustments to these developments 
have been painful. In his enlightening report to the Ad- 
* ministrative Conference on these developments, Michael,, 
Baram concluded tactfully: 47 

Obviously, regulatory reform is in*a state of flux, 
as COWPS, CEA, OMB, OSTP, RARG, RC, the 
agencies and Congress act in response to the stim- 
ulus of Executive Order 12044. New controversies 
have arisen as to the conduct and use of regulatory 
analyses, the adequacy of the methodologies em- 
ployed, and the timing and extent of Presidential 
involvement in agency decision-processes. < 
• * 
In its attempts to provide correctives for economically 
damaging over-regulation, the Reagan Administration 



will have to decide whether such centralized review is 
appropriate or whether such considerations can be del- 
egated, with guidelines, to the agencies. 

COURT ACTIONS 

Thousands of tort cases ar^heard every year. For the 
present review what are important are the ongoing de- 
bates 6ver the role 'of the courts, and the landmark de- 
cisions handed down by the high courts. 

One rpspepted view of the role of the judiciary is that 
championed by Judge David Bazelon. 48 

Courts cannot second-guess the decisions made by 
those who, by virtue of their expertise or their po- 
litical accountability, have been entrusted with ul- 
timate decisions. But courts can and have played 
• a critical role in fostering the kind of dialogue and 
reflection that can improye the qualHy of those 
decisions. 



Others disagree, believing that courts should be fr^to 
review the substantive evidence and logic*of assessments 
and decisions. The 'extent of judicial intrusion into 
agency decision-making will remain an issue. 

Recent years have seen the courts interpreting legis- 
lative mandates <as to whether, for instance, regulation 
under the Clean Air Act must consider costs, or whether 
the FDA properly interpreted its mandate in banning 
laetrile), and refereeing territorial* disputes between 
agencies. 

* A crucial issue that continues to work its way up to 
the Supreme Court relates to the imperative for cost- 
benefit analysis in regula'tory .decisions. The recent case 
of Industrial Union department, AFL-CIO versus Amer- 
ican Petroleum Institute side-stepped the issue of whether 
OSHA must, under its statutes, base its decisions — in 
this case, over whether to tighten occupational exposure 
limits for benzene from ten parts per million to one 
-part per million— on formal, explicit, published cost- 
benefit analyses, the issue that many observers hoped 
the court would address. 49 The justices have, however, 
agreed to hear an analogous case, on cotton dust, in 
t 1981. The legislative background from which tl}e Su- 
r preme^Ceurt has* to wojjc does not provide much 
guidance. ' . 4 

NONGOVERNMENTAL ACTIONS 

Several recent developments exemplify the increasingly 
collective initiatives being taken by nongovernmental 
bodies. An impressive contribution has been made by 
the Food Safety Council, a nonprofit coalition of indus- . 
trial, consumerist, arid other members, which has de- 
veloped and published a thorough review of the technical 
problems associated with food risk assessment and made 
proposals that are now under consideration by regulatory 
and, other bodies. 50 . The American Industrial Health 
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Council, a coalition oLJf40 companies and 80 trade as- 
sociations, has developed concerted positions on regu- 
latory issues and is now proposing structural ajjd pro- 
cedural reforms. 51 In the aftermath of tfie^Three Mile 
Island accident the country's electric utilities and nuclear 
industry pooled their interests and established a Nuclear 
Safety Analysis .Center, associated with the Electric 
Power Research Institute, to serve as an industry-wide 
reactor performance clearinghouse. Some 35* major 
chemical firms have recently established the Chemical 
Industry Institute of Toxicology, a research center 
charged with performing state-of-the-art toxicological 
research and assessment of large-volume commodity 
chemicals (not proprietary products) for the benefit of 
the industry as a whole. The major U«S.. automobile and 
truck companies have joined the EPA in, establishing a 
Health Effects Institute to study the effects of motor 
vehicle pollution/ 2 

. It is not yet possible to evaluate the promise of these 
new institutions. They deserve watching because they 
typify efforts to develop techniques, procedures, data 
bases, -and focal centers for risk assessment outside of 
government. The question will be whether the work they 
produce is of high technical quality; whether they de- 
velop reputations of integrity; and whether government 
and the courts, can effectively accommodate the wprk of 
these hybrid institutions as alternatives to direct regu- 
lation and government-sponsored assessment. , 

It might also 'be mentioned that a Society for Risk 
Analysis has been formed, which (through Plenum Press) 
will in J981 begin publication of a journal, Risk Analysis. 



^SCIENTIFIC INTEGRITY AND AUTHORITY 

Serious criticism is currently being leveled at the manner 
and quality with which scientific analysis is brought to 
bear on public hazards. Not to be interpreted as dis- 
affection with_science_per se, this dismay teflect's con- 
fidence that science can indeed help assess these prob- 
lems, if it is properly applied. 

Proposals are gathering for establishment of central 
authority structures to which technical disputes can be 
appealed. For example, the New York Governor's panel 
{chaired by Lewis Thomas) formed to revlfew the Love 
fcarjal fiasco found that»"only further questions and" de- 
bates on scientific credibility have been ,the result" of 
[the "inadequate research designs" and '"inadequate 
intergovernmental coordination and cooperation in the 
design aricl implementation of health effects studies" at 
the dump; as a remedy it recommended establishment 
of a Scientific Advisory Panel responsible to the Gov- 
ernor. 53 Editorials have appeared in Science and else- 
where calling for reincarnation of the President's Science 
Advisory Committee tQ referee such disputes. Congres- 
sionafbill HR-6521 proposed fdrmation o^a National 



Science Council within the Executive Office for f^h- 
level review of .assessments.- 

In some^at the same vein the American Industrial 
Health Cotfrfcjl has urged Congress to establish a Science * 
Panel: 54 

AIHC advocates that in the development of carcin- 
ogen and other federal chronic health control pol- 
icies scientific determinations should be made sep- 
arate from regulatory considerations and that such 
determinations, assessing the most probable human 
risk should be made by the best scientists available 
following a review of all relevant data. These de- 
terminations should be made by a Panel of eminent 
scientists located centrally somewhere within gov- 
ernment or elsewhere as appropriate but separate 
from the regulatory agencies whose actions would* 
be affected by the determinations. 

Two questions must be asked of such proposals, 
whether "scientific and technical determinations" can 
legitimately be separated from Apolitical and social de- 
terminations," and whether centralization of authority 
assures higher quality science. 

To the first the answer is probably, yes, to a consid- 
erable extent, as long as it is understood that the very 
process of defining the problem is subjective and that 
scientific assessments usually have to be conducted itera- 
tively. For example, to view the liquefied-natural-gas- 
^ 'facility problern as one of time-averaged risk is different 
from worrying about the potentially massive social dis- 
ruption one large accident could cause. Complex issues, 
such as energy policy, have to go many rounds of as- 
sessment, criticism, redefinition, and reassessment. ** 

To the second question the answer is that communal 
scientific assessments do tend to gain critical analytic 
strength and social legitimacy over assessments made by 
individuals alone, But that pluralism and variety within 
the scientific community should be encouraged: recruit- 
ing more skilled policy-analytic scientists and engineers 
in industry, government, and other organizations; ap- 
pointing able advisory panels to many different admin- 
istrative, legislative, and managerial bodies; upgrading 
assessment work in academies, professional societies, 
and trade organizations; and so on. Pluralism remains 
an Essential safeguard against narrowness. Centralization 
and consistency are not always good in themselves. Be- 
sides, high-level bodies will always be limited to han- 
dling only a few contentious issues at a time. What they 
can do is raise warning flags about hazardous situations, 
draw attention to suspect scientific studies, and help set 
the national agenda of assessment.. 

One of the more encouraging developments of the last 
few years has been a willingness of technical people, 
acting as professional communities, to review major as- 
sessments. When the original "Rasmussen Report" on 
reactor safety was issued, for example, it was subjected 
to detailed critique by a panel of the American Physical 



Society, by an ad hoc review group (the "Lewis Panel") 
chartered by the Nuclear Regulatory Commission, by the 
Union of Concerned Scientists, and by others. Currently 
the Society of Toxicology is cntiquing the controversial 
* 'ED-OP' effective-carcinogen-dose experiment per- 
formed by the National Center for Toxicologica] Research. 



NEW AND UNDERATTENDED HAZARDS 

New hazards will always be cropping up, and there is 
no need to develop a complete new apprehension list 
here The author believes that the following can hardly 
escape becoming matters of heated controversy in the 
near future. The "thought exercise" is: how, can social 
and technical attention most effectively be brojught to 
focus on them? " * 



WOMEN'S OCCUPATIONAL HEALTH 

V 

As wojnen increasingly move into the heavy industnal 
workplace, there are 'questions of. (a) whether our scu 
entific and medical understanding of women's bodies 
under stress is sufficient; (b) whether existing occupa- 
tional standards protect all women* as well as all men 
"adequately"; (c) if the answer to either (a) or (b) is 
"no," whether any health-related discrimination Should 
be, applied between the sexes (or, indeed, between .small 
people and large people, or ^0^0h any^other categories 
by which human beings differ from one another) in con- 
ducting research and instituting protection; and, (d) what 
actions* should be taken' specific^lly^^ 

Part of this issue has to do with reproductive health, 
both to pregnant workers and to the fetuses they carry. 
Legal suits that have centered around this iss'ue have not 
yet provided much clarification. Because mutation can 
occur in sperms, too, men are not exempt from danger^ 
The Interagency Regulatory Liaison Group recently an- 
nounced that it i§ conducting- a major review of repro- 
ductive toxicology. 55 „ • , 

Reproductive effects are not the only ones at" issue: 
heat susceptibility, hearing loss, skin irritatipn, and mus- 
culoskeletal damage may well turn out to be different 
for women. 56 
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from various combustion sources', fbrmaldehyde, from 
insulation; and others — that tend to build up and be cir-« 
culated in sealed, poorly ventilated houses, mobile 
homes, offices, and schools. 57 There continue to be al- 
legations that nonsmokers are exposed to significant air 
pollution burdens from other people's smoking. 58 Con- 
tinued urbanization and the campaign to insulate and seal 
buildings in efforts to save energy can only exacerbate 
these risks. a ' 



TEENAGE PREGNANCY t 

It is hard nef to be struck numb by this problem. As 
-expressed by James Vaupel; 59 

One area seems particularly important. It involves 
the complex of overlapping problems associated 
, with teenage birth, illegitimacy, prematurity, low 
birth weight, low IQ, deficient pre-natal and infant 
care, and high mortality rates not only for those 
children in infancy but also later on in life and for 
the mothers. The number of teenage births is star- 
tling: nearly 600,000 infants were born in 1975* to 
teenage mothers, some 240,000 to pothers age 17 
or younger., • 
* # 
Surely these numbers speaK for themselves. Can any 
health risk be larger^ To wave these problems off to 
'"social" welfare" bureaus and not address them along 
with the major issues on the national risk-reduction 
agenda is to take a very narrow view. 

SEISMIC HAZARD # ' 

Barthquake experts continue to' predict major shocks for 
the West Coast. Engineers warn that although' high, 
modern buildings are earthquake-resistant, considerable 
^peril remains in older, lower buildings. Fire hazard ac- 
companies earthquake hazard in inhabited, areas. As an 
exercise, officials might ask themselves Now they will 
defend their current actions after the Big One strikes'. 
Many of the problems are technical-economic ones that 
lend themselves to comparative analysis, # as a recent 
Executive Branch review of California seismic hazard 
preparedness has" argued. 60 



URBAN AND INDOOR POLLUTION HAZARDS . 
| 

Sealing up indoor environments hermetiqally keeps cold 
and f smog out, but it may keep indoor pollutants in. 
Infectious and allergenic agents can be transmitted 
through arc office's ventilating system. The problems of 
flaking asbestos and old lead-based paint are still with 
us. In a* September 1980 report entitled Indoor Air Pol- 
lution the General Accounting Office raised the alarm 
about various gases — radon, the radioactive gas released 
slowly from rock building materials, carbon monoxide, 
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RECOMMENDATIONS « 

(A) The overall urging of this essay is that bodies re- 
sponsible for appraising public risk ask of their assess- 
ment efforts: . » 

• Are risks, benefits, and costs characterized as explic- 
itly as possible? 

• Are uncertainties and intangibles acknowledged and 
where possible, estimated? 

• Are programs oriented^ to agreed-upon societal goals? 

• u > 
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• if . 

• Do procedures guarantee that high-quality technical 

evidence i& made availablcand used as the basis for 
decision? 

• Are risks examined in a properly comparative context 
along with benefits and costs? 

• Are precautions taken to prevent .minor hazards from* 
displacing larger ones on the protection agenda? 

• Are the formality and legal bindingness of the analytic 
base appropriate? 

(2) Excerpts of well-regarded risk* asses'sment studies 
should be collected and published with commentary. 
(The National Academy of Sciences* Food Safety Study 
published several examples, and the Academy's current 
reyiew of some of its past projects — the "Kates study" — 
will provide more.) Critique should be made not only 
of analytic methodology but also of how boundaries of 
assessment were set, how assessors were chosen, how 
conflicts-of-interest and biases were dealt with, how 
findings were expressed, and how tho-study groups main- 
tained their relationships with patrons and clients 

(3) The causal connection between environment and 
health deserves continued investigation. As part of this. 

* >&seline surveys like the "LaLonde Report" (Health of 

* Canadians) or the 1980 California Health Plan should 
be developed for the United States; this would be an 
extension of the 1979 Report of the U.S. Surgeon Gen- 
eral on Health Promotion and Disease Prevention. Then 
those determinants of Health that are amenable^to enviV 
ronmental influence should be evaluated. v 

(4) The Office of Management and Budget, the Congres- 
*' sional Budget Office, or others might direct. or commis- 
sion comparative evaluations of the marginal longevity 
gains and other benefits from key regulatory programs. 

i 

(5) Evaluation should be made of such longstanding 
, risk-management regimes as food inspection programs, 

fire-prevention provisions of building codes, floQgT 
plains insurance, black lung insurant, and the like,\ 



asking whefher they accomplish their risk-spreading or 
risk-reductjon goals. 

(6) As the nation contemplates deregulation, sectoral 
net-assessment of regulatory policies should be con* 
ducted and critiqued. Alternatives to regulation shtfald 
be examined, especially hybrid nongovernmental/gov- 
ernmental approaches. 61 In this regard 'the experiences 
of other countries, such as Sweden's in food safety, 
should be Reviewed. ; 

(7) High-level scientific leadership needs continual re- 
newal. One function of an upgraded White House sci- 
entific advisory body should be to identify major risk, 
issues needing attention (such as, for example, the under- 
attended issues cited at the end of this paper). This or - 
other groups should consider setting up a watchdog com- 
mission like the United Kingdom's Advisory Committee 
on Major Hazards to lead in the anticipation and as- 
sessment of important, long-term hazards. 



(8) There are many specific research needs^'fanging- 
from toxicology to policy analysis. Broad topics deserv- 
ing-attention include: 

• Evaluation of $he overall predictive usefulness of the 
toxicological gauntlet through which chemical prod- 
ucts now are required tcrbe run. 62 * 

• Improvement of epidemiology as an analytical com- 
plement to toxicological testing, and continued de- 
velopment of the necessary databases. - 

• Refinement and comparisotapf such analytica^tech- 
niques as cost-benefit analysis- decision theory, cost- 
effectiveness analysis. 

• Evaluation of the validity of fault-tree and aven^-tree 
analysis as* applied to nuclear reactQrs and other en- 
gineered structures. 63 

,# Investigation of \yay* in which human error (main- 
tenance error, operation error, emergency-response 
error) can be taken iato account irr probabilistic as- 
sessment of technological systems. 
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INTRODUCTION 

In a world substantially altered in this century as a result 
of 'the products of research and development, and with 
the elements of security of most nations directly affected, 
government institutions and poligy processes in the 
United States remain heavily domestic in orientation. 
Contrary to common assumption, this is at least as true 
» for the scientific and technological enterprise as it,is for 
any other. * — ' 

Some of the most important issues and needs relevant 
to. science, technology and international security, are 
presented in the following pages $nd in the accompa- 
nying papers. The parochial nature of U.S. national in- 
stitutions, however, makes it peculiarly difficult to come 
to grips with -some of these needs, or tp anticipate them 
in any orderly way. For many years this problem has 
plagued U S. government attempts to deal with the«in- 
temational implications of research and development 
(R&D), and internationaL.science and technology. The 
problems and the dangers now become more jessing 
as scientific and technological competence in?othfcr na- 
tions 'becomes more formidable. New measures are 
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neededs yet the issue of excessive domestic orientation 
is only rarely identified or directly confronted. Without 
some attempt to understand this issue, actions that focus 
on the specific nfreds diseased below ^re likely always 
to remain ad hoc, and seldor^ equal to their tasks. 



BACKGROUND 

/The results of science and technology have had dramatic 
effects on the restructuring of nations and of international 
affairs, particularly in the *35 years since the Second 
World War. Aircraft, satellite communications^Jiealth 
and sanitation measures, missiles, nuclear weapons, au- 
tomated production, radio and television, agricultural 
mechanization, and new crops strains- all *Tbear .witness 
to the productivity of R&D and, in theiKveffects,* to the - 
profound revolution in human affairs they have brought 
about or made possible. The pace of" change, further- 
more, shows no. sign of slackening. 

International affairs have been heavily influenced by 
the_differential ability of nations to carry out and capi- 
talize on the results of R&D. Two nations have emerged 
with military power and influent far greater than others 

* largely as a result of natural endowments and resource 
bases that have allowed massive exploitation of science 
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and technology. The gradual ifecay of 4hat dominance, 
especially in its economic dimension, is already a 'source 
of new international relationships and prpblenps. The 
disparity among nations of the North and Stiuth in ability 
to acquire and exploit technology is also ft major factor 
in their relative economic status, and in th^fir increasingly - 
acerbic political relations. / / 

Concurrently, the pace of industrialization of^tech- 
nological societies has greatly intensifiea the dependency 
relations among states, so that even the most Advanced 
societies ftnd themselves critically derendent on others 
fcJ resoujccs, information, capital, rtlarkets, fpod, and 



the context of mission agency budgets. Even for -those 
agencies whose 'rationale has a basic foreign policy mo- 
tivation (DOD, DOE), the .actuaUs^isions and choices 
are heavily influenced by domestic pressures and inputs. ' 
Some departments or agencies are in fact precluded By 
their legislative charters from committing re*>urces for 



wen technology. 
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Traditional, geopolitical factors have been altered or 
expanded by advances in science ^hd technology to in- 
clude, inter alia* size and number 6f long-range nuclear 
missiles, satellite communication^ and surveillance ca- . 
pabihty.* competence of the educational system, funda-** 
mental change in the very significance of major conflict, 
and critically, R&D capacity.' ' 

The results of R&D have al^o given rise to new tech- 
nologies of global scale, creating wholly new issues in 
international affairs, notably atomic eneFgy and sgacp 
exploration. Also a matter' pf*wprldwid$ concern are the ^ 
side effects of technological development. The resultant \ 
changes havtftiltered traditional international issues and 
created major new ones, such* as transborder environ-, 
mental/concerns T stratospheric modification, and ocean 
exploitation. * m 

Not all of these changes in international affairs direetly 
bear on T security, but the* web of interactions in a tech- 
nological world makes it difficult, even misleading, to 
exclude, say,$conpmic concerns of developing countries 
from the concept of international security. In fact,- the 
•broad issues of m food, health, resources, energy, and 
population are aspects as legitimately a part of security 
as are military issues. •** . ' 

Given these Effects of science and technology on the 
international security of states, it is ironic that the support^ 
for science and- technology is, primarily a national en, 
deavor, particularly in the' United States. Policies for- 
R&D are seen in a national perspective, and come pri- 
marily from national governments. This means, how- ^ 
eyer, that international or global needs are nof likely to 
be adequately taken info consideration in a national de- 
cision process. - 

A^natur^regult of the nation/state system is that de s 
cisions in afliMlicy areas are usually made unilaterally 
within one Karon. Moreover, the apparent worldwJUe 
intensification of n&tioftalism in the face of economic 
difficulty, not least in the United States, further encour- 
ages uifilateraf decision-making. The parochial nature of 
decisions concerning R&D, however, goes beyond nor- 
mal constraints of nation-based decision-making and ^ 
funding. The decentralized nature of public funding for 
research means that it is predominantly considered within 



anything other than domestic problems. Air are faced 
with a budget process, in both the Executive and Leg- * 
islative branches, that dislhirages (or^ often denies) all 
departments except foreigifpolicy agencies the right to 
allocate their own R&D funds for other than U.S.- 
defined problems. 

In the private' sector as well, research decisions^are . 
heavily conditioned by the U.S. market, with American 
industry still prinlarily concerned with- U.S. sales, and 
only gradually adjusting to the growing share of exports 
iiyhe economy. 

The implications of this situatiop are evident through- 
out the discussion of specific issues bfelow, and deserve 
subsequent elaboration to suggest possible policy orjju 
stitutional departures that could be undertaken. 

Of course, not all issues are handicapped«by this par- * 
ticular institutionalllimitation. Wh&^foHows is-a broader 
iscussion of the Issues in the interaction of science, 
ichnology and international security that are likely to 
bd central questions over the next five years. Though th§ 
focus is on a five-year period, policies aannot sensibly 
be seen in that short time frajne without -taking^ into 
account long-term objectives; Where relevant, what are 
in effect assumptions; about desirable futures -will, be 
■spelled out. The final section will be concerned with 
some of the institutional and policy process questions 
raised by the specific issues, " * • 



KEY ISSUE AREAS * 

It is tempting to start with national security issues, which 
appe^* to be most .directly related to the subject? ' But, 
ecoqprftic issues will probably receive policy priority in 
the 'next Ifew years, with .important consequences fo& 4 
international security. In attrition, as significant as de- 
fense issues arej tljey tend to receive more concentrated 
attention. Hence, defense issues will be^iddrefted later N 
in this paper, without in any way denying the,- funda- 
mental significance of science and techndogyfo security 
" issues and? particularly, to international stability. 



ECONOMICJSSUES 

Competition and Cooperation Among Advanced 
Industrial Countries 

It is not a novel observation that the most serious short- 
term problem of the United States and of other Western 
industrialized nations is and will continue to b^co^kjg 
with inflation in a largely stagnating economic situation. 



Unemployment rates are.high in many countries (over 
9 percent in the United Kingdom at the end of 1980), 
"with inflation at the double-digit lpvel for several. The 
relatively bleak economic outlook has many causey anal- 
yses of them within the Context of this papeF would be 
inappropriate. However, not only do economic problems 
q^fect the international role of science and technology, . 
but some* pleasures individual countries may take for 
economic purposes will affect the course of science and 
technology or limit the international flow of scientific 
and technological information. ' - 

Industrial Policy ' It has become almost a fad to speak 

^ of the need iri the United StatesTor an industrial policy 
or for ^industrialization. Several aspects of reindustriali- 
zatioo are particularly relevant to R&D. One is the ability 
(legal* political, and psychological) of the United States 
government to work cooperatively with individual com- 
panies^ a- consortium to support research designed to 
improve the international competitive 'position of U.S. 
industry Antitrust considerations, among others/ have 
deterred such joint activity in the past. 

Two initiatives in {he Carter administration have 
shown that at least some of the^barriers can be overcome. 
The joint research programs on automobiie engines, with 

„ a consortium of autti companies (Cooperatiye Automo- 
tive Research Program), and the cooperative program for 
ocean margin drilling; with a group of oil companies, 
have received the advance blessing of the Department 
of Justice These initiatives are now in jeopardy or can- 
'celled. The international economic payoffs of coopera- 
tion of this kind (and the costs of not easing the wayjT 

"may justify reconsideration of this policy in the next 
several years Whether or not the government js in- 
volved, the advantage to international competitiveness 
of^allo vying research cooperation among companies in 
the same industry may create new support for antitrust 
'policy legislation. Clearly, such legislation would pro- 
voke major political controver^. • 

A related aspect^ of industrial policy is, the tendency 
of the Ujiited States'tq apply to U.S cornpanies operating 

" abroad the same rules and constraints that apply inside ' 
the country J The essentially adversarial relation betw^pn 
government ancFindustryln the United States, whatever 
its histoAcal justification or merits in spurring compe- 

jinon/ofjen serves^to put American companies abroad* 
at a, disadvantage iq»competing with companies directly 
supported* and often subsidized by" other governments. 
This, Is particularly ^relevant in high-technology indus- 
tries, as companies \n other countries are now'able to 
compete as technological equals for the major new mar- 
kets that will determine future economic strength.. Ob-*' 
viously many complex and contentious factors will arise 
fls*this issup is addressed, but they must be discussed. 
The economic stakes are high. B N 
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The key. determinant of Amenca.'s competitive tech- 
nological position is, of course, the strength and inno- 
vativeness .of its high technology industries. Domestic 

* science policy/ including support for research, tax in- 
centives, regulations, quality and adequacy of education, 
and other elements will crucially affect the economic 
scene in years to come. In addition, specific tax and 
other policies that bear directly on industry's decisions 
to carry out R&D either abroad or in the United States 
will require examination, though it should nty be an 
automatic conclusion that overseas research by American 
firms' is necessarily against U.S. interest. Overseas re- 
search can contribute directly to American R&D objec- 
tives, enhance the possibilities for large-scale coopera- 
tion (more on this below), and contribute to knowledge 
generally. 

One of the greatest dangers of the current economic 
malaise in Western countries, coincident with serious 
competition from third world countries and from indus- 
trialized c<>untri4s (especially Japan), is the possibility 
of a. rise in protectionism — to preserve dying or ineffi- 
cient industries. Those industries may be failing for any 
number of reasons: increased labor costs relative to other 
countries, changes in cost of other factors of production, 
particularly for energy and resources, lower productivity, 
lagging innovation, inadequate industrial organization, 
and others. The temptation to respond politically to wors- 
ening domestic unemployment and its ancillary effects 
by preserving and protecting inefficient industries is very 
great, especially when a certain amount of* implicit or 
informal protectipnism is practiced by most countries in 
one way or another (hidden subsidies and biased regu- 
lations, for example). 

The economjc xosts of a protectionist spiral among 
industrialized countries, and the consequent loss of in- 
centives for innovation and support of R&D could be 
very great. In effect, protectionist measures are an al- 
ternative to R&D investment, at relatively low short- 
term cost and very high long-term cost, a poor bargain, 
but one likely to be proposed and activelysougflW)y 
powerful forces in thfe near future. 

One specific protection i§sue has emerged in recent 
years over the export of new technology whfch, it h 
argued, is tantamount to the expoi^of American jobs as 
that technology becomes the basis of new competing 
. industries. The argument is that technology developed 
in the United States is sold td others at a price that does 
not adequately reflectTheArue costs, or the'broacjer effects 
on the United States of that sale. It is a disputed issue, 
not only with regard to the facts, but also whether this 
is a case.in which the possible cure might be worse than 

• the disease. For example, is the current government pres- 
sure to exfilude foreign students and faculty .from ad- 
vanced integrated circuit research facilities at universities 
a. wise policy? This is an issue likely to be more visible^ 
in the future. 
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Finally, under the heading^of industrial policy the re- 
lationship between domestic regulatory policy to protect 
health and safety, and a nation's international economic 
position must be included. Already under intense scru- 
tiny, this subject is certain to be the focus of important 
debate in the n<&t five years. The basic concern is that 
unequal regulations from country to country can result 
in substantially different costs of production, thereby 
changing each nation's,competitive position. That claim 
is made now with regard to American environmental and 
safety regulations that are presumed to have important 
effects on U.S.'export potential. Equalizing regulations 
worldwide would be one way to manage the problem 
when it exists, but that would not always reflect different 
conditions inofllintries, differeqt factQrs of production, 
or different values. Regulations can sometimes improve 
competitive position if the costs of compliance are higher 
in 'other countries competing in the same market. At 
times, regulations are simply a disguised trade barrier. 
Once again, the complexity of the situation does not 
allow simple judgments or generalizations. The positive 
current account balance of the United States in the last 
months of I9B0, in the face of high energy costs and an 
improving US dollar value would seem to belie the - 
negative effects argument, but it is not known what the 
balance would have been in the absence of regulation. 
Moreover, the issue is usually cast not only in specific 
cost terms, but also with regard to the delays, uncer- 
tainties, and bureaucratic constraints imposed on indus- 
try by what is seen as a burgeoning regulatory environment. 

The Reagan administration has indicated ltsnntention 
to address this issue directly. It is hoped that sound data 
and analysis will support any actions taken. 
«•» 

Cooperation Scientific and technological cooperation 
among Western technologically advanced countries is 
not rare. When compared with the scale of investments 
•in R&D and the common goals of Western countries, 
howe\er, the number of cooperative projects, especially 
in technological development, is rather small. 'The ex- 
planations are obvious, difficulties encountered in or- 
ganizing cooperation, concern over losing a competitive 
position, and, most important, the basically domestic 
Orientation of most governments. Meshing of programs, 
objectives "budgets, and people is much more complex 
than when-carried out within one country. 

Current economic needs and constraints may now put 
cooperation, especially technological cooperation, much 
higher Qn the agenda. Industrial countries are all in need 
of technological progress to meet their social, political, 
and economic requirements, at the very time when the 
ecor^bmic situation that created these requirements also 
serves to place severe budgetary constraints on national, 
R&.D expenditures. 

Today's fiearly equal competence in science and tech- 
nology among countries also means that a given project 



is likely to benefit from larger application of resources 
In some cases, participation by more than* one coun |£y* 
may be necessary to attain a critical size. The massive 
investments required in many fields of central and grow- 
ing importance, especiaj^y energy, also make the pos- 
sibilities of cooperation to reduce the drain on national 
budgets particularly attractive. 

The difficulties and costs of cooperation cannot be 
ignored: 

• inherent difficulties of meshing disparate bureaucracies; 

• delays in reaching decisions among differing political 
and legal systems; 

• complications of varying decision processes, priori- m 
ties, and competencies; ; 7 

• cost of international bureaucracy; 

• the danger of political inertia, which makes projects 
hard to* start, but even harder to stop; 

• the possibility of drains on research budgets because 
of international commitments; 

• the tendency to undertake internationally only low 
priority projects, , , * 

• the apparent c&nffict between cooperation and im- 
' proving a nation's competitive position. 

Successful cooperation als<? requires reliable partners 
The record of the United States in modifying or abro- - 
gating agreements makes future agreements harder to 
reach. Most recently, the proposal to cancel the coal 
liquefaction development project with Japan and Ger- 
many, and to withdraw from the International Institute 
of Applied Systems Analysis have damaged bur repu- 
tation as reliable partners. 

Difficulties are formidable but'the potential, benefits 
are alsoiormidable. Successful examples of cooperation 
(airbus, International Energy Agency projects, coal 
liquefaction until this year) demonstrate it can be done 
Greater willingness of the U S. bureaucracy to look out- 
side the United States and recognize the competence and 
knowledge available elsewhere, and the greater experi- 
ence the bureaucracy .would* attain through making the 
effort, would be substantial additional benefits of accel- 
erating the" pace of international cooperation The forms 
of ' cooperation* (bilateral, trilateral, Organization for 
^Economic Cooperation and Development — OECD) all 
-*ieed to be examined for each case, though the OECD 
is the logical organization^ which to lay the groundwork 
and establish a design among Western countries In- 
crease4^5ttentidn to genuine international technological 
cooperation ought to be an important task of the '1980s. 

North/South Science and Technology Issues 

The differential ability to acguire and exploit technology 
is a major determinant of the^rikingly different eco- 
nomic situations and prospects of nations of .the North 
and South< and one of the prime sources of the political 
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disputes among them. Differences in technological ca- 
pability, however, are potential levers for constructive 
assistance aad cooperation. Can this nation grasp those 
opportunities, which pla> to its strongest suit— its tech- 
nological strength? 2 

The fate of developing countries in economic, politi- 
cal, and military r terms in coming years will have a great 
deal to do with international political stability, and with 
the security of all nations, not the least the United States. 
It is reasonable to forecast that International turbulence 
will be centered in the developing world. That estimate 
is reflected in U.S. military' and foreign policies. It is, 
much less evident in officiaj^conomic policies— the U.S 
commitment to economic assistance is scandalously low 
relative to that of other industrialized countries. The var- 
ious reasons *for U S indifference and frequent oppo- 
sition to foreign assistance cannot be usefully probed 
here However, the central nature of technology in. de- 
velopment does provide a focus for exploring how to 
maximize the U S ^ole, whatever the aggregate scale 
of assistance^, and for highlighting some of the particular 
issues within specific fields (such as agriculture and 
population) which need to be confronted. 

Economic growth, political stability, and a working 
economy in a developing country (with important effects 
on s agricultural production, resource availability, reduc- 
fron in fertility, and markets for Amenean*goods) can 
all be aSvanced by external assistance from the United 
States It is in our national self-interest to provide this 
assistance- This is not to deny thauhfe more economically 
advanced a developing country becomes, the more com- 
petitive it is with the United States, nor is it to deny that 
political stability does not automatically follow growth, 
of that the Dolijical objectives of developing countries 
may differ from our own. But U.S. self-interest is better 
served by the steady advancement of developing coun- 
tries than by lack of progress. Whether or not economic 
assistance to developing countries is tiigh 6n the U.^. 
agenda at the moment, there is a substantial probability 
that it will be forced there through political or economic 
crises, or national calamities such as widespread drought. 

Technology Policy to Dev&oping Countries It is no 
-longer necessary to justify the importahce of technology 
in development. Technology^ essential to management 
of the problems of agriculture, health, environment, in- 
dustrialization, population, energy, fcnd most o^er as- 
pects of a modernizing soci^y, and js recognized (some- 
times overemphasized) in most developing countries to 
be essential. The United States* whatever its 'relative 
decline in technological lead ership, is still thejworkTs 
strongest technological rtatioh, with a'broad and flexible 
education and research establishment. 

Th£ technological capability of most developing coup- 
tries is^eadily improving. Nevertheless, ifiost research 
is cartied out in the d$velope # d cobntries either for mil- 
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itary purposes or for the domestic problems of thoSfc 
countries. Perhaps no more than 5 percent of global R&p 
can be said to be devoted exclusively to problems of 
development. In a setting in which industrialized -nations 
have such a stake in economic growth and elimination 
of poverty in the developing world, it makes little sense 
to devote so little scientific and technological effort' to 
problems that are peculiarly those of developing countries. 

Much of this R&D cannoj4nd should not be done in 
industrialized countries, for'practical as well as philo- 
sophical and political' reasons. To be effective, to work 
on the right problems, to be sensitive to local needs'and 
preferences, to produceLolutipns that fit and are likely 
to be adopted, to keep u\ with and adapt technology — 
all require R&D defined aid carried out locally. In turn, 
this implies attention to thabuilding of the scientific and 
technological infrastructure in developing countries. 

This does not mean, however, that 4II research relevant 
to developing countries needs must be carried out locally . 
Many areas of basic research can more effectively be 
done in existing laboratories, many problems are generic 5 
and can be more quickl^ investigated in experienced 
laboratories withftesources and skills already deployed, 
many technological problems require general solutions 
before locally adapted applications are possible. Perhaps 
most important is finding ways to elicit commitments 
q from scientists and engineers in industrialized countries 
to work on problems of development in a sustained way 
that allows cumulative benefits%nd continuous attention. 
Long-term availability of financial resources is essential, 
not only tojnake such commitment possible, but also 
' to make it respectable in the eyes of disciplinary peers. 

Transfer of existing technology to developing coun- 
tries is no longer seen as an adequate alternative. Ex- 
t perience shows that such transfer, especially of public 
technologies of heal(g and agriculture, is inefficient or 
inappropriate without adequate receptors to choose, 
adapt, finance, and develop knowledge to fit local en- 
vironments and needs. ^Technol©gy 4 requires adaptation 
to a unique social, economic, and political/is well as 
technical environment. Also, it tendsjtf'cTiange that en- 
vironment, often quite rapidly, so that mutual adaptation 
%of technology and environment is a, continuing and dy- 
. *namic process. 

Relations of developing countries with multinational 
corporations also require local capability. Tfie bulk of 
industrial technology is transferred to developing coun- 
tries through private investment by international ffrW. 
To work effectively with technologically advanced com- 
panies^ without losing control of the resulting develop- 
• ment o\ hfeing exploited economidSfry, presupposes the 
.ability to .set realistic objective/ negotiate .contracts, 
wefgh often esoteric choices, and in general be fully 
aware of technological and economic options. 

Thus, a significant and growing indigenous capability 
1 in (lev^loping countries js required. And, it must ejnbrace 
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basic science as well as technology, for without the in- 
sight and self-confidence created by an indigenous sci- 
entific community, a developing country will lack the 
ability to control its own developnfcnt. In short* Vhat 
is required is greater allocation of research resources to 
development problems in advanced countries, especially 
in the United States, and the building and strengthening 
of indigenous capability in developing countries. 
• To date, the ability of the United States to help in 
eitherW these efforts has been seriously limited, because 
of the low level of resources allocated, and because of 
the ;n$j(ituUonal and policy constraints that deter or pre- 
vent effective commitment of scientific and technological 
resources for other than domestic purposes. At present, 
essentially all research devoted to problems of devel- 
oping countries must cirne from the foreign assistance 
budget either spent dirdctly by the Agency for Interna- 
tional Development (AID), or through transfer to other 
V U.S. government departments and agencies. With minor 
exceptions, departments and agencies are prohibited by 
their legislative charters or by the budget process from 
spending any of their own funds on objectives other than 
domestic ones. Thus in an overall federal R&D budget 
well in excess of $35 billion, the total- allocated for ob- 
jectives directly related to developing countries, is on- 
the order of $100 million, or one-third of 1 percent. 3 

The result 'is not only very limited in terms of R&D 
output; it also means that the competence of the U.S. 
government's technical agencies is barely tapped on is- 
sues to which they could significantly contribute. When 
all funds come by transfer from other agencies, there is' 
no* incentive to build staff or agency commitment, to 
work on the& issues with their congressional committees 
and umversity or industry constituents, or even to know 
through experience hbw'they can contribute- \ Xm 

.The rationale. for these legislative restrictions and for » 
budget compartmentalizationr stems from the early his- 
tory of /he creation of cabinet departments and agencies, 
and from natural management prirfciples of tying pro- 
gram objecnves tightly \o appropriate funding sources. 
The trouble is that'as foreign and domestic issues have^ 
become /nore closely intertwined, corresponding rdlec-* 
>• tion in the 'allocation of resources has not taken place. 
And the rigid budget compartmentalizatjon does not take 
into account the often mked purpo^s /combining tech- 
nological and development assistance goals) of many 
possible programs. 

The implications of 'these institutional restraints go 
farther. Astonishingly, the United States lias no govern- 
^me^aHnstrumept for cooperation with other countries, . 
unless that cooperation can be 'defined either^ as scien- 
tifically competitive with domestic research and cievel- 
opmem, of as foreign ajd for the poorest of Countries. 
. Thus' the United States cannot respond to thpse devel- 
oping countries Jhat have graduated, irom the poorest 
status, the very* countries with developing science and 
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technology capabilities best able to make use of coop- 
eration with the United States, though not yet able to 
compete at the scientific frontiers. These countries have 
the greatest interest in substantive cooperation (often 
without any transfer of dollars), and are in the best po- 
sition to begin solving their own problems as well as 
assisting in.attacking global problems. 

In fact, in recent years, the United States Has under- 
taken rather substantial efforts at developing bilateral 
science and^chnology cooperation with these countries 
Those initiatives have had to be taken primarily at the 
White House level directly, with major problems of plan- 
ning and implementation. And now, at least some bi- 
lateral agreements that already have been negotiated may^ 
be 'abandoned as a result of large, targeted budget* 
reductions. 

The opportunities to use America's strength in sconce 
and technology in cooperation with other countries, to 
further U.S. objectives (political and economic as well 
as scientific) are likely to grow in the coming years. Th,e 
absence of an adequate institution 'and policy process to 
plan and fund these programs, and to> engage the com-^ 
petence of the* American scientific enterprise, both gov-* 
ernmental and'privag^iH be an important issue that 
will have to be confronted. "IJje Institute for Scientific 
and Technological CooperatioflflSTC), whrch was pro- ^ 
posed by\he administration in 1978 and authorized but - 
not funded by Congress, was designed to correct some • 
of these institutionaPand process deficiencies. 

Food and Agriculture Some issues within the context 
of North/South relations stand out in their importance 
and in the likelihood they will or should be the focus of 
much greater attention ifl the next quinquenniumjn the m 
United States. One'of these js food and agriculture,' be- 
cause of it$ fundamental nature in the development proc- * 
ess and the great concern that increases in agricultural 
* productivity will not* keep pace with the growth of popu- 
lation that already includes several hundreds of millions 
chrpnically'malnourished. 4 It is estimated that food pro- ' 
duction must increase at least 3-4 percent per year if f 
significant improvement is to occur by the end of the 
century. 5 » 4 ^ 

The United States ha$ a unique role to play because 
of its unparalleled agricultural production, as^well as \tf 
R&D capabilities. For the reasons cited earlier, however, 
much of the necessary R&D and experimentation must 
be carried out if\ the courses trying to improve .their 
own agricultural enterprises. This implies building^ 
greater indigenous capabilities*than now exist, and also 
strengthening and expanding the enormously successful 
international agriculture researCh^centers thjrt have been 
primarily oriented to, aftd staffed by, developing coun- 
tries. The recent moves to devote mote of the resources 
of these centers* to, the applied problems of improving 
agriculture (low-cost technologies, water conservation, t 
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countries and the United 
any satisfactory scale, 
that lmprovemen^n ag- 
dependent solely on ad- 



etc ) are much to be applauded The international centers 
must not be seen as ajternatives to individual country 
capacity, but as necessary complements to allow some 
economies of scale, to focus resources qn generic prob- 
lems, and to provide an essential psychological tie to a 
world community for a sometimes isolated scientist in 
a poor country. 

The U.S. research community ccuild plgy a substantial 
role, larger than is at present likely. One impediment is 
the budgetary process, cited* earlier, that bars the De- 
partment of Agriculture from effectively committing its 
own funds for agricultural problem^ not seen as domestic. 

Another is the organization of agricultural research in 
the United States that is essentially a state-based structure 
without the extensive tools for central planning or quality 
control That makes it difficult to ensure the essential 
quality of the entire agricultural R&D effort, to build 
competence in areas of study riot peculiar to the United 
States, or to enabfe effective planned ponnections to be 
established between developir 
States on agricultural R&1 

It is also important 
ricultural productivity 4$*ffbt 

vances in traditional areas of agriculture. WateV conser- 
vation, climate, energ^, 'pest control, and Ibw-cost 
technology, and the social sciences related to agricultural 
economics, innovation^ application and distribution, 
inter alia, of QquaK importance. The agricultural research 
agenda -must include those areas as well. 

Population Although fertility has declined in recent 
years,^growth projections remain l?igrf enough to cause 
serious problems of starvation, economic stagnation, and 
political unrest. 6 The international system has only begun 
to feel the effects of forced or voluntary migration across 
borders, which is likely to become a major cause o v f 
international political instability in the-future; in ■ addi- 
tion, there is the already evident internal instability that 
arises from urban migration, un- or underemployment, 

"lack of adequate food and sanitation, and series healths 
problems. ' - 

Science and te'chnplogy cannot solve the porjtfration 

jprbblena, but they can provide, the necessary tools fir 
public policy. In particular, more researcfes ffe^iffo " 
provide low-cost contraceptive technologles^especiaily . 
including, male contraceptives), and to increase our un- 
derstanding of the social determinants ofeffectiye family * 
planning policy Fertility decline is so closely related to 
other aspects of develbpment, particularly health*'foodl 
sanitation, transportation,, ^nd communications, Wat n 
a sense all technological research can contributojndi 
rectly or directly to the population wtfblem. . , 

In population-relatedfand Health-related) subjects, we 
find ar special varufl&of the domestic orientatiofrof U.S. 

^institutions 'Health 2nd safety^fegulation of drugg in the 
United States is based on risk-benefit criteria keyed to 
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the United States. Thus v proposed contraceptive drugs 
are evaluated for safety based on the risks of health side- 
effects in the U.S. environment, when the risks «nd 
benefits are likely to be quite .different irfanother country. 
In some cases, American pharmaceutical companies are 
deterred from developing a drug at all, since the benefits 
x>f protecting against some diseases (schistosomiasis, for 
exz^iple) are so low in the United States that any risk 
of side-effects would overwhelm potential benefits, 
while in another country the benefits would greatly out- 
weigh the risks. *' B 9 

The reverse side of* the coin is the stringent testing 
regulations in the United States that have led some com- 
. panies to test drugs for safety an other countries, in effect 

* using their people as guinea pigs for the U.S market. 

Neither situati6n is tenable. Some means must be 
founp of internationalizing drug evaluation, as it would 

* not T>e appropriate to expect the' Food and Drug Admin- 
istration, Tor example, to institute ats own criteria for 
evaluating drugs for foreign applications that would be 
different from criteria for U.S. application. 

"The general problem of encouraging greater com- 
mitment of U.S. scientific and technological atten- 
tion, whether in government, industry, or university, to 
population- and health-related issues should be an im- 
portant issue in the near future. 

ft 

♦ 

TRANSBORDER ISSUES 

A series-qf transborder and global science and technology 
issues will r^e important elements of tne' international 
security picture in the next fiv? years, though the sep- 
aration of these ffom "economic" jss.ues is rather ar- 
bitrary Tjpe importance ^of environmental, ocean, re- 
source, and 'energy issues will be largely in their 
.economic and ultimately political effects, as is the case 
for those just discussed. 

* Resources and Energy 

» 

*In the short term, the major issues related to security, 
resources, and energy have to do with supply interruption 
engendered by political action,. 4 and secondarily, the' 

, econornic terms on which resources are rrfade available 
to industrialized societies^ 7 

4 * A major political phenomenon of recent years is the 
assertion of the right of absolute.sovereignty over natural 
resources. It is a natural, concomitant of a nation ^>tate 
system, but has not before been sanctified as it is today. 
The growing, dependence of industrialized societies on 
resources under the control of others, particularly de- 

. yeloping countries, creates majqr dependency relation*, 
many 'fraught with great uncertainty and t danger for in- 
ternational stability. . . % 

The dangefs come not only from the threat S( supply 
disruption, or of sudden* dramatic increases in- the cost 
dfcthe resources, but<glso from the second-order strains 
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created among industrial countries whose disparate de- 
pendence on resources from abroad may lead to major 
and disruptive foreign policy differences. The much 
greater dependence of Japan and Continental Europe than 
The U.S. on Middle East oil, or the differential depend- 
- ence on South Afncan resources could lead to serious 
conflicts of % interest over Middle East, or African 1 ; or 
Soviet policy. 

Though the world is painfully conscious of the polit- 
ical restrictions oil-ncb developing countries sometimes 
place on resources, these countries are not the only ones 
to do so. Canada anci Australia have both restricted ex- 
port of uranium ore on nonproliferation grounds, and the 
United States severely &st«cts.export of enriched ura-. 
njum on the basis of specific 'political considerations. 
Moreover, the United Stafes-embargoed soybean exports 
for a short time in 1974 to stabilize domestic prices, and 
has embargoed thp sale of grain, and high technology to 
the Sovjet Union in political protest to the Afghanistan 
invasion. A cabinet member of the Reagan administra- 
tion in his first public statement spoke of using U.S.' 
food expoits as a foreign policy >ik weapoh" (later; 
changed to "tool"). 8 » 
These consequences of resource dependency and of , 
* unequal distribution are all political and economic m 
character. The issues arising in the near future will be 
concerned with distribution and availabili^. but not with 
' depletion. In the long-term, the adequacy of resources 

i w iH be' determined by economic', not geological', phe-*** 

' ntfnena. 9 and there is no reason to d^ubt that the in- 
dustrial system could cope with long-term changes in the 

- price and availability of matenals and energy. 

Short-ternrvulnera£ilities must be met with measures 
that- are largely outside the realm of science and tech- 
nolQgy (Jirectly: stockpiling, political negotiations, pool-, 

'* ing -arrangements in time of crisis, and.scon. Conceiv- 
ably, new R&D* for resource, exploration, or exploitation 
of deep seabed minerals, *ould change U.S. dependency 
~on foreign resources, buMhis is unlikely in a five-year 
time horizon. 

In the longer term, science and technology have major , 
** roles to play in the development of substitutes; in ex- ■ 

• panding knowledge of resource exploration, recovery, 
processing, and use; and more generally in contributing k 
to innovation and productivity in the. nation's industftal 

" plant (both to improve efficiency of use of materials^and 
v . fuels, and to generate the -export earnings necessary to 
#; - pay for imports). The long lead times inherent in reaching 
\ these objectives mandate early commitment of R&D to 
these tasks. * * * 

The changing price* and availability of materials and * 
energy may change critically the comparative advantage 
" of some American industries. The adjustmentsfneoessary 

* to allow the«prderly decline of those industries will them- * 
selves set Up serious political and economic Strains. 

The need for-R&D in the resource area is coupled with 
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an inadequate understanding, both in the United States 
and globally, 10 of certain areas: geological deposition of. 
minerals; the exploration process; and the impact of the 
changing industrial strucHjre in minerals on the flow of 
mineral supplies." * * 

These tasks will require reinvigoration of concerned 
government agencies, especially the Bureau of Mines 
and Geological Survey, and may also require a new 
institutional means to develop an objective, credible data 
base (technical and economic) for resource-related de- 
^Tsions. In addition, coordination of policymaking must 
be improved tor avoid conflicting policies carried out by 
individual agencies which are not aware of the activities 
of other^agencies. 

Environment and Global Commons % 

* * 
Closely related to resource and energy issues are those 
involving transborder environmental questions, and 
more general globa^ssues of the environment: atmos- 
phere, oceans, and outer space. 

Our natiorial activities have effects beyond borders 
and v in some cases, on a global .scale. Transborder pol- _ % 

lution has already become an jmportant issue in many • 
areas of the wor|d. with s&me progress in the last decade, 
particularly in melding environmental policies, jn reach- 
ing international agreements, or dealing with the tradi- 
, tional problem of the g(obal commons. The' issues -are * 
' likely to beeome.more stVere, however: and hjien will* * t * . 
k lake on the cast of z6r<J-sum games. 

The worldwide recession and the rise in energy prices 
raise the indirect- costs of coping with environmental 
degradation, and make it -more difficult politically to 
restrict activities whose harmful effects fall across the 
border The standard problem of reflecting full costs in 
a production processes exacerbated when the externali- ^ • 
ties are felt putside a national economy. Issues associated " 
with acid rain,- watct pollution, forest degradation, and 
others will become more contentious internationally in 
the next decade. , . 

The depressed ejatomic situation 'will also lead' to 
greater resistance to domestic-environmental regulation 
if that is assumed to affect adversely the international 
competitive position of a nation s goods. As f noted ear- 
lier, it is. not alwiys appropriate to call for common * 
environment stanclafds in all nations, and even when." 
it is*, it is nQt clear they can be'successfully rfergotiated. 
ThusAthe costs and bases for domestic environmental • + 
regulations are likely to.be difficult issues becaus&of l /# 
thei^infernational implications. ■ ' * 

Some lohg-te'rm issues may<become«ci£aret; in the next 
few years as research ig|reases understanding of impor- • < * , 
tant global systems: In particular, C0 2 buildup and N0 X 
in.the atmosphere may be better understood along with 
their global economic implications §nd potential ways 
of controlling them. Unprecedented disputes could arise 
over such issues, with important changes in the status 
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of individual .nations, as some benefit say through im- 
proved agricultural conditions and others are hurt— tor 
example, if title costs of en\ ironniental controls fall more 
hcavil) on them it is unlikely that these issues will come 
to a head in a few years, but the debate could be' fai; 
advanced. ^ 

Exploitation of global commons, especially the oceans 
and outer space, is likely to proceed during the coming 
decade -The Law of the Seas negotiation, which pro- 



posed a new "international "Institution rcsponsiWe for 
overseeing the mining of the resources of the seabed, 
appeared to be almost completed, though the position 
of the United State* is now in doubt Many aspects of 
that institution would be novel, in particular the assigning 
of sortie of thc*benetits of mining to deveiopimKountries 
fhe detailed questions of implementation would be left 
to the interim arrangements following the completion ot 
the treaty and ultimate!) to the new authority. Some' 
serious disputes are inevitable, with regard to the mining 
itsclt. the operation ol the authority, and the unprece- 
dented provisions for transfer of technology in the draft 
treaty 12 Certainly, if there is no treaty, a variety of ocean 
issues — navigation, fishing, oil exploration, research, as 
well as mining, may become the sourccof serious 
dispute. ' * 

In space applications controversy may ansd\ner geo- 
stationary orbit allocations, but more likely will be con- . 
troversy over the international -efforts to manage and 
control space technology systems such as Landsat This 
earth resource surveillance sy stern has been until now * 
an experimental American monopoly, but as it moves 
to operational status, many questions will become mflre 
pressing Who owns the information in a worl?l in which 
sovereignty of resources has been zealously asserted? 
Should the output be available to anyone who asks for 
jt° What rights do nations have for unilateral surveillance 
ot anbthcr;3Country\ resources'' What are the security 
implications^ the high resolution that.will now be built 
into the systferj 0 Who should manage the systerq, and 
dctcrnainc *itv -technical characterises? What are the 
economic and political implications of greater knowl6dgc 
of resource endowments of more accurate annual pre- 
dictions of agricultural production domestically and in- 
ternationally'' Undoubtedly, these issucs'vviH soon be- . 
tome more prominent on the international political 
agenda. ' 

Interaction of, National Technological Systems 

Manytoational sysifcms aircraft, communications, 
% weathcrftbservatjon, finance, banking, postal are bas- 
ically information systems which require interaction with 
counterparts in other nations The explosive development 
of information technology systems has begun to cause 
serious strains, and isjikely to be an even larger cause 
of strain in the coming years. - , 

Traditional differences between fields break down (for 
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example, communications versus data (lows, postal ver- 
sus electronic mail, information versus banking), and the 
economic calculus of benefits and costs .changes percep- 
tibly. Controversies arise over privacy of intormation, 
access to information within nations, the role of central 
computer banks, the transnational nature of economies 
of scale, and related issues. In the face of U S. domi- 
nance of technology, other Western countries are wary 
of allowing unfettered development that undermines their 



competitive position, the Soviet Union and its allies 
worry because control of information is vital to its, po- 
litical' system, the developing countries worry that the 
loss of control £vcr information will threaten their 
independence r—* 

The dynamic nature of fbe growth of this technology, 
and its base in the private Sector in the United States, 
makes this a particularly difficult issue in which to an- 
ticipate 6 implications, much less develop clear interna- 
tional policies and conduct negotiations It is certain to 
appear significantly on the international agenda in the 
1980s '* ' 1 



WrtONAL SHCURin 

Science and technology have been central factors in the 
evolution opw capons artd. military systems in this cen- 
k tury . They ^have altered drastically noUonly the nature 
and scale of hostilities, but the very meaning of Strategic 
war as an option to achieve national objectives The 
strength and productivity of a nation s advanced tech- 
nological community have become, major elements in 
any ^geopolitical* calculation Massive support for secu- 
rity-related R&D" has, in, turn, changed science, tcch- 
-nologyr and the university. \ K 

The application ^f science to national sccurity^shows 
no sign of abatement. In fact, a new round of major 
commitments to large-scale strategic systems is in thc^ 
offing, turning the ratchet one more notch in a search 
for security that seems steadily receding into the future. 

In the context of this pUper, only a few general issues 
in this area can be briefly touched upon, clearly it is an 
enormous subject (hat us itself the subject of a large 
literature. n . < " * 

One controversy c^ncerfls whether the constant search 
for more technologically advanced weapons systems in 
fact contributes to the nation's (or the world's) .security. 
Whatever the views of the 'causes of the arms race be- 
tween the Soviet Union and the. United States, or the 
current state of relations between the super powers,*new 
weapons systems often make the arms balance more pre- 
carious, more vulnerable to preemptive actiop rather than ' 
contributing to stability. This may cpntinue, and perhaps 
worsen, as capabilities are pursued that threaten con- 
cealment of weapons systems, give greater premium to 
surprise, and make it h^K^ler to know whether missile^ 
contdin one or many independent warheads. *DcvcIop- 
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ments in conventional weapons, moving rapidly, may 
also change the nature of "local" war, leading to greater 
instability among developing countries as orfe'or another 
believes it hasttc capability for rapid strike and victory. 

No simple solutions exist. It is eas> in rhetoric to call. , 
for example, for more attention to military and related 
systems Jhat contribute to greater stability and less un- 
certainty and threat, adequate conventional ground. 
fnm imprm^i. -command . control, and communica- 
tions in a hair-trigger weapons environment, greater com- 
mitment to de\Jclopmg arms control agreements, more 
attention to "hot-line" communication capability, less 
emphasis .on strategy weapons, that pose a first-strike $ 
threat in favor of those with clean survivability; and oth- 
er£ Each has its ambiguities, however* and there is no 
agreement on what' is required for security, or even for 
greater stability 

The fact o! the matter is that science and technolog) 
are most likely to continue to alter milftar) systems The 
effects of th&e changes cannot always be anticipated 
One of the objectives of arms control is to bring the 
situation under greater control, but even if one were 
optimistic about SALT II. agreements of this sort deal 
only w^h existing or planned technology. The) do not 
deal with .the possibility, of new weapons systems or 
unanticipated capabilities created by further research. 
: Our knowledge of "threat systems," the involvement 
of the scientific and technological community m strategic 
debates, the public perceptions of military and strategic- 
affairs are all inadequate. The once substantial public 
role of scientists and engineers m strategic policy delib- 
erations, for example, has been greatly reduced, and the 
public inputs to arms control and weapons debates have 
suffered. This is illustrated by the spectacle of tfie stag- « 
nation of the SALT 1J 'agreement in the U.S Senate over 
essentially extraneous "issues. 

Some argue that the whole framework of the strategic 
debate has been rendered inadequate. 14 They Qall for 
emergence of a new paradigm, a new discipline of con- 
vict studfcs. and assign the scientific community special 
responsibility in bnnging„this about. The- argument of 
the inadequate framework ot^debate is persuasive, al- 
though, the path fQr achieving a new paradigm is hard 
to discern in practical terms. 

The scientific and engineering communities have spe- 
cial W more traditional responsibilities withm^he ex- 
isting framework particularly ■ because of the eso^ric 
technical aspects of the issues. The relative neglect ot 
these responsibilities in recent years- must be reversed. 
.New programs such as ♦arms con^pl fellowships in the 
National Academy of Science;* and a concomitant pro- 
gram of studies are to be applaudedT-and' similar initia- 
tives in other scientific organizations are to be encour- 
aged. In all these efforts, however; it. is important to 
recognize tijtrtUhe^ssues themselves are never purely 
technical. Real participation ♦nvolves a commitment to 



master the political, ecpnomic, and relj^d aspects: 
which will eventually determine the outcome. 

The quality of debate needs to be improved m the 
public sector as well as in the scientific communities. 
Better information, apd greater resources, public and 
private, committed to the analytical area are badly 
needed. The momentum of a defense budget close to 
S200 billio^requires-open debate of the purposes, de- 
tails, and implications of that budget. In turn, more fund- 
ing is required to produce information and analysis to 
make public debate possible. The congressional com- 
mission to study the establishment of a National Acad- 
emy of Peace and Conflict Resolution presumably has 
:the same goal. 15 

One aspect*of the role of science and technology in 4 
weapons development is peculiarly troubling Much of 
the initial development of ideas for new technology — 
ideas that may later be revolutionary in military terms — 
occurs in the laboratory at a very* early stage, without 
military applications in fnind, and often without military 
funding. This dynamic of the research process leads' to 
instability . both in weapons development and in the long- 
term viability of arms control agreements s 

Little can bedone about this now, although ultimately 
ways of bringing R&D within the scope of arms control 
agreements must be considered One aspect, somewhat 
farther along the "R&D chain, does deserve institutional 
attention, however 

Proposals for new weapons development aret in their 
early stages, often made at low levels in the bureaucracy 
with relatively little R&D funding required At these ^ 
levels, choices tend to be made on >tnctly technical' 
grounds, with little consideration of their ultimate effect 
on relevant arms control objectives ; The situation is re- 
peated at higher levels its well, so that it is not uncommon 
for the' government to be faced with mature weapons 
designs creating major new foreign policy problems that 
might have been avoided or eased if some alternative 
technical options had been chosen instead. t - 

It is very difficult to deal with this issue in the bu- 
reaucracy, since the organization .of government serves 
to create bureaucracies with compartmentalized objec- 
tives and few or negative incentives to introduce con- 
siderations for which they are not responsible.. An at- 
tempt to introduce nonproliferation considerations into 
planning for nuclear reactor R&D, through participation 
of a State Department .representative in the setting of 
objectives in the Department of Energy, has feppare/itly 
had some limited success, and deserves evaluation. 

In its most general formulation, this task can be stated 
as the need to incfude. in defense R&D planning and 
^management, the. evaluation of broader effects of the 
intended results of research. The'objective is an impor- 
tant one and ought to be the focus;of further 
experimentation. 

"* Other aspects of science, technology, and security are 



also troubling, sonic because of the effects on nonmili-' 
tary areas The sh^rp increase in defense "spending pro, 
posed by the administration will have important effects 
on the civilian sector, not only in the obvious impact c on 
th$ budget Engineers, already in short supply, will be 
' siphoned off in larger numberkto defease industry , ex- 
acerbating the shortage in consigner gopdsjndustcies, 
and likely worsening the nation's competitive position. 
It will also tend to stimulate even more the momentum 
of scientific and technological change applied to military 
hardware, since the level of R&D, affd the ideas for new 
applications, will be fueled by the larger cadre of sci- 
entists and engirieers. > 

Tlje increase in defence spending may also affect the 
nation^ universities, as" they become concerned about 
the almost djrect military application "of basic research. 
Signs of that are aj^ady eyident in cryptological appli* 
cations of theoretical mathematics, which have led to a 
kind of voluntary censorship. 16 , 

Lastly.*' it piust be noted that the Soviet Union has 
demonstrated its competence to engage, the United States 
in a high-technology arms race. Its technology may not 
be as refined, but it$ greater commitment of resources 
to defense expenditures is presumed by many to be likel> 
to give the Soviets an edge ofcome sort over the United 
States in the latter part of this decade. 

Whether this prediction is (accurate or not, its antici- 
pation h?s already fueled a passive new U.S. defense 
increase One can only observe that a continued search 
for strategic superiority over a determined opponent is 
the search for a chim6ra that can only distract from the 
real quest for security, , 

'eastvwest transfer of technology 

Another issue which is likely to be of considerable mo- 
ment in the next 'five vears is the concern over the transfer 
of technology to the JEasten£j}loc that could enhance the 
military capability of the Soviet Union and its allies.!'' 

This, is an issue with a history sterpming from the 
advent of the cold war, and with recent attention as a 
result of the embargo on high technology imposed in 
response to the Soviet -invasion of Afghanistan. It is 
bedeviled by controversy between* the United States and 
its NATO allies over the costs and benefits ol the policy, 
by uncertainty over the militaryrrelevance of some "dual 
useV technologies, t>y sharp differences 'of view within 
the Americarj government, ty\drfferences of philosophy 
over the value of denial in terms of its actual effects, and 
by 'differences with industry over enforcement policy. 

There is little question^ about the importance of em- 
bargoing specific advanced military technology. Moving 
from technology with direct military applications, how- 
ever, quickly leads to gray areas, with uncertainty over 
military relevance, over availability from uncontrolled 
sources, or even of whether donial is inf Western interests. 
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Should the West, for example, encourage the Soviet 
Union to improve its ability to explore ancT recover its 
vast oil deposits? , . ' . 

Many more specifically technological questions ailsef 
however: How is technology actually transferred and 
adopted? What is ihe real potential of diverting a piece 
of hardware from a. peaceful to a military application? 
And what actual difference woulfc it rfiake? Is reverse 
engineering of a piece of equipment possible? At what 
cost? On what time scale?, How long will \\ take for a 
particular technology to f be developed?" „ 

All too often, the debate over technology export con- 
trols is characterized not only by political naivete, as 
though it is simple to control the movement of 'techno- 
logical information, but <also by lack of understanding 
of technological realities. The jmpatfance of The issue, 
and its potential for damaging the West politically and 
economically wiH require effective integration of the 
scientific and technological aspects in the policy debates? 

s 

.INSTITUTIONS AND* PoblcV PROCESS 

^Severaflhemes run through the issue areas discussed 
above that bear directly on institutional and process prob- 
lems of the United States in relation to the international 
consequences and use of science and technology. The 
most common theme is that the international dimension o£ 
policy is inadequately reflected in government policy- 
making, and that the fcym^l institutions of govern- 
ment militate against more effective recognition of in- 
ternational issues', ^fiough this observation may be valid 
for many of the responsibilities* of government, it is 
particularly, and surprisingly v intensive in science and 
technology, matters. 

Other themes that emerge relate to the need for more 
effective integration of scientific and technological as- 
pects in many policy areas, including more mechaniMjis 
for effective analysis and anticipation of future impli- 
cations of science and technology,. and the need far new. 
national and international institutions. Some comments 
on each are in order. * 

INTERNATIONAL DIMfeNSION IN POLICY 

* 

The history, geography, and rich resources of the United 
States all led naturally to a system dominated in insti- 
tutional form and political organization by domestic.con- 
siderations. Adaptation of the system to its new global 
role, arid fo its new dependency on others, has c been slow 
and halting, notwithstanding th,e enormous sums of pub- 
lic mopey allocated for this adaptation. At the detailed ' 
level of decision making— budget decisions, negotia- 
tions with the Congress or with the Office of Manage- 
ment' and Budget, setting technical objectives — the trar 
ditional pressures dominate. . 
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' t)ne of the most significant ways in which this situation 
affects the involvement of science and technology with 
international matters has to do with developing countries. 
The national resources devoted 'to R&D on development 
problems are pitifully -small, yet the U.S. government 
lacks *o effective instrumenKor cooperating with that 
large number of increasingly important nations neither 

poor_eneugh to be eligible fqrdirect assistance, nor suf- 

' ficiently aSvanced scientifically to be competitive with ' 
domestic research. A new institution— the Institute for 
Scientific and Technological Cooperation—was pro- 
jjosed in r i978, authorized in 1979, and ultimately left ^ 
unfunded by the Congress. Something to serve tfie same .* 
functions, whatever the form, rs required. 
' But the problem is not simply a new institution. The 
need is to tap more effectively the scientific' and tech- ' 
nological resources of the? government housed in the ^ 
functional departments and agencies, and to enlist their 
R&D clients in the nation at large. A single new agency 
cannot accomplish thai task alone, though it might pro- 
vide the leadership for much larger changes. Rather, a* 
.means must be found for allowing departments and 
agencies to allbcate resources directly for cooperation 
With other nations and to carry^ out R&D on problems 
that are not "American"* problems. When such activities 
are In the national interest. At present, legal authorization ^ 
or executive budget policy effectively prevent such al- 
location Except under difficult arrangements, sometimes 
sub-rosa, and almtfst always ad hoc. v^* v 

The problem \s nof primarily legal, as Congress can 
change the* relevant laws, and has done so for sorrie^ 
agencies: The problem ls^argely one of efficient budg- 
etary ^management. The Office of Management and 
Budget argues, witfj considerable justification, that it is 
difficult te maintain discipline in a budget if fuzzy ar- 
guments of "foreign policy interest" have to be giveri 
weight in ranking proposed programs, or if fidgets to 
serve-development assistance objectives crop up \h a 
score of federal agencies? * 
. yet, the answer must surely be more creative than 
simpfy to. rule out such programs. One possibility, for 
example, would be to create a development budget that 
crosses departmental' lines and forces a degree of budg- 
etary discipline that tuts across agencies and agency 
budgets. * * 

Departments and agencies would be allowed^with 
congressional concyrrence, to budget some of thqir own 
funds for R&D, .But those projects would have to^be 
compared not only with : proposals within the department, 
but'also with proposals of other agencies. Similarly, for 
those proposed programs that have mixed foreign policy 
(other than development) and scientific objectives, a 
cross-agenqy evaluation of foreign policy could exert the 
necessary budget discipline. Although difficult to -ad- 
minister and subject to its own bureaucratic pitfalls (the 
temptation for playing budgetary games and the^diffi- 



. culty of ranking according to foreign policy criteria), this 
' or s&mething lifce ^requires experimentation. 

Jnjanoth^r area^ways must' be (mad domestically or 
, internationally to deal wittt situatiortfrin yvhjch apparently 
\ domestic regulations directly imr^nge^otfier countries 
,or significantly affect a country's inYerrmtioha| trade po-^ 
sition/T^r som& situations, Jke answer may have to be 
regul atory machinery withrn^exisupg or pew, interna- 
tional organizati6ns. vVit^ *e?ard to trade regulation, 
.more im^etu§Avill have 10 be gi*e|hto the move to ana- 
lyze the brqader economic effccj^of proposed regular 
<ion3 before the regulations are awjroVed. 
• International cooperation witfraJvarfred cO^ries'also 
deserves more emphasisnn t^e changing climate of cost ^ 
'andvelau^e .competence itf science and technology. But " 
this change in emphasis -Will not^ippen^natunallyjn the \ 
AWricaVsystem, again because oyhe buijMn focus on • 
domestic problems and pressures . This problem of focus 
is exacerbated by the restrictions imposed* fify. the Office 
~of Management and. Budget on (prfigit travcLanfl the 
suspicion in Congress that foreign travfil.by "domestic** * 
agendy personnel simply implies junkej£. ^ 

The blurring of domestic and. international affairs is* 
real. Government at all levels mtist become i&vare orYnd' 
adapt to theirln^dicaWe jntertwming. It is not amiatter 
' of simply creating an international office in jui agency t . 
* All have such offices, which more .often than not are* ' 
'weak and removed frdm >'the«corc of the agency's' 
interests. •> . i 

Rather, it is a matter of infusing the whole government 
with policies, institutions, and rhetoric to make possible 
a gradual change of attitude that conforms to todays and . 
tomorrow's reality. The Congress must also be no small 
. part of that change, and ought tote forcing the Executive 
Branch to recognize what is needed. . . 

INTEGRATION Ob SCIENCE AND TECHNOLOGY IN POLICY 

' The problems of scientific and technological planning 
are particularly severe, and pose major problems of gov- 
ernance in a techhological age. There are many aspects: ^ 
how to represent scientific and technological information 
arid uncertainty adequately in the policy process: how 
to plan for effects of science and technology not only 
uncertain, but possibly seen too late to alter once the 
effects are in evidence; how to estimate risks*and benefits 
which fall unequally within a society or internationally, 
with interested people and nations ofteR not represented 
in the policy process; how, to 'deal with issues in which 
the relevant information is under the monopoly of one 
segmeftt of society: of of &ne government; and a host 
.of other issues. 

No single solution is adequate. Like all problems of 
governance, these problems are not Solvable— all that 
is possible i$ amelioration or improvement. However, 
these are difficulties, that directly involve understanding 
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of science and technology, and-^s require* not oiily 
greaterparticipation of scientists' and engineers, but also 
more means for making credible analyses a^vailabje to 
the t publi^and ways of drawing the public into tftfe de- 
bates Participation alone, of c^u^e^s not enough. Sci- 
entist* and engineers do hot haye, on the basis of their 
professional training; superior credentials for leaking 



^jqtlCJ decisions ineyare ncmore free of bias than are 
other ssgments^of society. Participation by the scientific 
afcd technological communities* implies a commitment 
to understand the interaction between science and tech- 
nology and the-broader aspects of policy, and a com- 
mitment pf time that makes sffch understanding possible. 
A*<£tjhnocratic approach to the making of policy is not 
an 'improvement over the present situation. 
o One of the effects of science' an4 technology, on both- 
rfatfonal arjd international affairs is to make the future 

' mucft more relevant to tH6 j^esenLth4h-ln earlier periods 

.of human history To an unprecedented ^degreej^da) 's 
policy must \& made in the light of future developments, 
particularly in science and technology thefnselves, or in 
the side effects o^ increasingly, technological societies. 

^The importance of more efforts at.credible, objective 
anticipation of the future is obvious. ■ 

INTERNATIONAL ORGANIZATIONS AND STRUCTURE . 

The need for new international instruments, or for mod- 
ifying existing ones was mentioned briefly in a few sub- 
jects — drug regulation, ocean mining, Space applica- 
tions — but was not emphasized. The.questions associated 
with international political machinery, particularly ma- 
chinery designed to deafwittf/eqiiiremenjs growing out 
of science and technology, are many and complex. 

The products of science «nd technology increasingly 
create new issues and force traditional domestic issues 
into the international environment. Unfortunately, ex- 
isting international organizations charged with stealing' 
with those issues are often inadequate. Most global or- 
ganizations are now politicized along Norlh/South lines, 
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and more efficient regional or smaller alternatives do t not 
represent alUnterested "parties. As representation^ or- 
, ganizations^roadens, technical efficiency tends to 
decrease. 18 » * 

This situation is unlikely to reach crisis form within 
a few years, but injt are the seeds of major confrontations 
These seeds could maturE quickly, if cur rent budgetary 



reductions drastically reduce U.S. presence in interna- 
tional organizations. The adequacy of international po- 
v litical machinery is likely to be a 'fundamental question 
of international, security. So many of the. functions the 
\ world (and -the United States) depends 911-^Qmmuni- 
cations, transport, nuclear materials control, resource 
information, health, agriculture, ocean c minef3ls, to say 
nothing of international financing and lending — will fall 
increasingly under the au*ices of international organi- 
zations. Many of the «fes .in volve develbping coun- 
tries, but others involve ^okfticts of uUenr sramong-West- 
ern industrial countries/o^j^^stj:ontrpversies. 
, It is not a matter of indifference whether the organi- 
zations exist or work. The functions they perform must 
rJI carried out in some way by organization, or by a 
* limited number of countries, or by a courury acting on 
Us own. The ultimate character of the ^international sys- 
tem and the place of tiie United States in it may in large 
measure be determined by whether these international 
tasks are carried out through organizations with broad 
participation, but so ^signed as to allow reasonable' 
efficiency, or b> default are managed by -efficient but 
limited groups of wealthy countries. 



CONCLUSION 

i 

It may not be too far \yrong to characterize tfys last issue, 
and all that have beentouchedon in this paper, as -fun- 
damental choices in the international system between 
efficiency and equity, and between hegemony and con- 
sensus. Thos^ are sufficient for any policy agencfa. 
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" INTRODUCTION v v 

As the United States enters the 1980s, its foreign policy 
objectives are being reexamined to fit a changed world 
and a new political climate c These objectives must adapt 
to the greatly increased economic strength of Europe and 
Japan, to soaring energy costs coupled with threats of 
the cut-off of energy supplies? and Wthe growing mil- 
itary, financial, and political power of the developing 
world. Pressure's for economic nationalism in the form 
of barriers to imports, exports, ami the flow of labor and 
technology, are intensifying throughout the globe. s 

U.S. technology, while still the envy of the world, no 
longer enjoys undisputed preeminence. Difficulties in 
the automobile industry are only the most dramatic man- 
ifestation of the deterioration of American competitive- 
ness in relatively labor-intensive manufactures. The lat- 
est reexaminations* of*)ur standing in the "international 
marketplace reflect concern that the United States may 
even be losing its competitive edge in electronics, hith- 
erto one of its greatest strengths. 



•Science and Technology Advisor. World Bank, Washington, D.C Tfiu paper reflects the 
view* of the author onJy He has written it in his personal capacity. It n not an expression 
^of "*rp9lJctert>f -the Wortd Bank. \ ^ * 
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The wprld faces a future quite different from that op- 
timistically projected in earlier decades. International 
inflatiotf"has resisted the prescriptions of a substantia] 
range of schools' of economic thoughty The federal gov- 
ernment's Global 2000 study reiterates the conclusion 
of previous world models' that the beginning of the 
twenty-fifst century will probably see a 50 percent in- 
crease in world, population, a doubling , of real food 
prices, farther increases in the real price of energy, 
world-wide loss of forests and gertetic heritage, and sub- 
stantia] pressure on the world's water resources. 1 For the 
first time, in the words of John Fairbank, the nations of 
the world are in trouble together. 2 

The developing countries (also known as "less de- 
veloped countries - or "LDCs") are increasingly im- 
portant to the United States. They are a source of oil and 
minerals, a market for exports now more important than 
Europe and Japan, and a soured of immigration, both 
legal and illegal. That their political instability can pro- 
duce serious geopolitical consequences is seen in the fact 
that they have'been the locus of every war since World 
War II. This instability is expected to continue, as even 
relatively optimistic projections place the number of peo- 
ple jn developing countries whose low incomes deny 
them the most elementaiy requirements of decent living 
at 600 million in the year 2000. 3 ' 

- 475 

J 
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U.S. relations with the developing world must take 
v into account the extraordinary diversity of a group that 
includes rapidly industrializing countries like Brazil, 
Korea, and Yugoslavia; oil exporters like Nigeria, In- , 
donefcia, and the-Persian Gulf states; poor but techno- 
logically advanced states like India and China; rapfldly 
growing exporters of agricultural commodities like Ma- 

laysia and-the-Iver^Coast^and relatively undeveloped, 

resource-poor countries like those 6f the Himalayas and 
the Saliel. * 

Pur relations with these developing countries must 
also reflect the extraordinary progress that they have in 
fact .made. While technical assistance remains%:ruQial, 
relations with these countries increasingly require collab- 
oration to meet shared long-range objectives. Sufch col- 
laboration should in the long run replace the benefactor- 
to-chent relationship, and further reflect the great diver- 
sity of LDC political systems, national goals, and overall 
attitudes to the United States, which range from close 
friendship to deep hostility. 4 As a final complication, 
LDCs at all stages of economic development and cov- 
ering almost the entire political spectrum have found it 
in their intejjst to agree on common diplomatic positions 
and to negotiate collectively in the United Nations and 
other international forums under the rubric of the so- 4 
called "Group of 77/'- . • , 

The United States can thus find itself in conflict with 
developing, countries, individually or collective^; on 
matters of great political importanqe. In addition, Amer- 
ican interests often call for cooperation with a particular 

* country in one area even when they are in sharp conflict 
in another. We buy oil from Libya* and collaborate on , 
fusion research with the U.S.S.R,/to cite two-obvious 

, examples J^nce. cooperation with developing countries 

* on share^oa^lfiQuld^ot t>e automatically subordinate > 
to fixations in bflateralVelations, the North-South dia- 
idgue, or other foreign relations concerns. 

/ In today's circumstances, the U.S. national interest, 
and hence the* priorities of U.S: foreign policy ifcw^rd 
developing countries, rteeds to be redefined a/ going, 
beyond concern W the world's poor ^include measures 
to protect Americ\owri economic and material well- % 
i being. Sfcience and technology are important factors in 
\ both of these priority Veas, and should play a more 
important role in foreign policy toward LDCs. 



S CIENCE, , TECHNOLOGY AND FORgIGN 
k)LICY TOWARD 'DEVELOPING COUNTRIES. 

Science and technology are both critical dimensions of 
development and the underpinning of America's eco- 
nomic and political strength. As -such, they are major 
* components of U.S: policy toward the developing world. 
Scientific and technological collaboration with LDCs is 
cheaper t%n resource transfer, and generally involves 



less i^fflgdiate political cost. Science and technology are 
also key elements of many global issues that can be 
addressed only by international cooperation in which 
developing countries must play an important part. Fi- 
nally, scientific and technological, collaboration with^ 
these countries is essential to the solution of a number " 
of important problems of scientific research. For all these 
•reasons, such collaboration is critical to the long-term 



objectives of U3. loreign policy. 

It is also a two-way street. It can no longerbe assumed 
that the problems of development can be solved simply 
by the "transfer of proven solutions" from the indus- 
trialized countries. Such solutions can have serious un- 
anticipated effects if they are imposed without consid- 
eration of the economic, social, cultural, and environmental 
conditions specific to LDCs. 

What is more, the United States has much to learn 
from developing countries in such, fields as urban trans- 
port planning, where thb Singapore experiment ^in area 
licensing has greatly decreased traffic congestion and 
pollution; low-cost public health delivery systems, where 
the Chinese? experience with "barefoot doctors" is a 
model for ttfc world; and the use of fuel ethanol as a 
substitute for gasoline, where the Brazilian experiment 
illustrates both .the techno-economic feasibility of the 
system wfien there is a surplus of arable land, and the ; 
many social problems brought about by major changes 
in agricultural land use. 

Science and technology have already played substan- 
tial roles in American policy toward LDCs. But these 
efforts fall far short of either meeting LDC needs or 
achieving U.S. goals. 

There ate oft&i political reasons to engage in scientific 
and technological collaboration for which the subject of 
that cooperation is unimportant. Scientific and techno- 
logical cooperation may in itself b€ a gesture to sym- 
bolize or" to help bring about a quick improvement in 
relations with a particular "country. It may be an invest- 
ment in the long-term development of cooperative spirit 
and of a cadre' of people from the two countries accus- 
tomed to working with each other, or as a'quid.pro^uo' 
for a specific but substantively unrelated diplomatic or 
' political concession. This paper, however, stresses those 
areas in Which the substantive results Qf scientific and 
technological collaboration serve shared interests; over 
and above the simple existence of the. cooperative effort 
itself. : 
These scientific and technological aspects of devel- 
* opment and of foreign policy defy easy classification. 
In this paper we distinguish four inevitably overlapping^ 
categories: (1) areas technological development that 
are ct\iefly of humanitarian interest, such as public 
health, sanitation, 'subsistence § agriculture, and energy 
"sources for tfie poorf(2) areas pi technological devel- 
opment in which the U.S. and LDCs share material long- 
term interests, such as^ood and' energy; (3)* areas of 
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national technological development, based on general 
U S. interest in the development^ a particular country, 
and (4) areas in which the United States muSt balance 
its interest in LDC development with other conflicting 
interest. Each of these areas is discussed in turn. 

TECHNOLOGIES OF HUMANITARIAN INTEREST ' 

American policy toward the .developing eetmtftesr has — 
c been strongly committed to helping meet the basic needs 
of poor people. We strongly endorse this policy as it 
^pliesto scientific and technological development. Sci- 
entific and technological research has already had a major 
impact on the lives of the world's poor Food production 
research has helped develop improved varieties of staples 
like wheat and rice. Researches advancing on "poor 
• man's crops" like sorghum" nylleu and cassava. Recent 
biomedical research promises major advances in the pre- 
vention t*nd cure of parasitic diseases w^hich afflict 
hundreds of millions of poor people. And the develop- 
ment of low-cost, techniques for rehydrating victims of 
^cholera 1 and severe diarrheas has already saved many 
lives in refugee camps and in the poorest LDCs. 

Advances in health-related technology occasionally 
produce a curious combination of relief from human 
suffering and narrow economic benefit. The eradication 
of smallpox eliminated an ancj^rit human scourge that 
had in recent years been alrnost entirely confined to 
LDCs At a much more prosaic level, this historic 
achievement also saved the developed countries the siz- 
able sums of money needed to vaccinate their own pop- 
ulations and to verify the vaccinations tff immigrants and 
visitors Smallpox could not have been ehjjrfnated with- 
out the invention of the technique of-c5pcentrating vac- 
cination efforts in high prevalence areas,* and *fhe intro- 
duction of the bifurcated needle fohqui'ck vaccination 
% df large groups of people. ' » ; 

. Another example of an area where humanitarian and' 
financial motivations coincide is in the prevention or cure v 
of diarrheal diseases. These diseases are among.jpan- 
kind's major, health ^foblems. TJiey kill millions.of chil- 
dren in developing countries each year.* Athhe same 
time, successful programs would be worth billions of 
d611ars to* such diverse interests as mujtiftational corpo- 
rations, .national governments, and the international 
travel industry, all of u/hichtSfcnd large numbers of people 
jp codnjtrigs for which they^ are immunologically ill-pre- 
•pared Health* research in thesfc-afeaS is.thus directly in 
Amendl's practical self-interest, over and above its crit- 
ical, but cpmrhercially unattractive, humanitarian import? 

Despite advances, much remains to be done. For ex- 
ample, it will he financially arflf institutionally ipipc^H 
si t ble to provide sanitation facilities to urban population^ 
df LDCs by 1,9,90 unless alternatives to water-borne sewj 
erags are used 1 Better low-cost equipment is also needed 
to satisfy the energy needs of the poor. For examplf 
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•'-Simple cookstoves, made of clay and' sand and con- 
structed by local artisans for $10-25, have been readily 
adopted by test groups of "housewives, in Guatemala and 
Upper Volta and are reported to reduce the consumption 
of firewood by 40 percent. 6 Support is needed for both 
governmental and nq/hgovernmental efforts (such as 
those of informal "appropriate* technology" groups who 
are frequently in close touch with. the* poor) Kvdeyelop 1 
— and apply s uch t echnolo gy at - the grass-roots level. Such 
groups can in some countries help T<( overcome the social 
and cultu?al distance betweeivurban-based scientists and 
technologists, trained along Western lines, and the poor * 
people Jn slums and .villages. 

TECHNOLOGICAL COLLABORATION BASED ON SHARED 
LONG-TERM OBJECTIVES 

In certain areas of technological development, the Unite'd 
States and the developing countries share clearly defined 
long-term interests.. Food and energy are again cleat* 
preeminftiu although fi^m a different point of viewf 

Food 

According to the best available estimates, a continuation 
of present trends through the 1980s will result nxmajor 
food deficits throughout the developing world which can 
be met only by grea% increased exp^s from North 
America Such ,exports, while resulting in gains for 
American farmers'can be achieved only jthrough^much 
higher production costs and hence higher consumer 
priajs, due to increased investments in fertilized water, 
>ind otherinputs and the lower productivity of marginal 
land brought into production.- Future increase^ m oil 
prices and competition for land,between fjjadayid fuel 
production and*between agriculture and urbfljnizTition are 
likely to 'raise production costs still further! *4? will soil 
erosion caused by the decreasing willingness of fanners 
to pay fhe short-term costs of conservation measures. 
- In other words, American consumers face soaring food 
prices if the LDCs do not make major gains in agricul- 
tural productivity. Moreover, as a practical matter, tjiere * 
is every reason to believe tlp&f U.S agricultural expprts 
will continue to increase (unless the land they require 
- is 3iverted to the production of -fuel ethanol for domestic 
use). Therefore^, it-is in thQ direct interest of the United * 
-States to help LDts mobilize technology to m^ease theit, 
agricultural productivity. ' 
.* As mentioned above,- scientific anti technological re\ 
^earch has already made majofcontnbutions to food crop 
production technology in developing countries. High- 
yielding varieties of wheat and rice .(together with an 
institutional v structure for training, extension and research , 
that made it possible to take advantage of these varieties, 
adapt them to local conditions, and-convince local farm- 
ers tp use them) helped to transform India from a'sig- 
nificant infporter of food grams in the 1 960s to a marginal 
exporter jn the mid-1970s.. This averted both a^majQr " 
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' economic and hutfian disaster in India artd a substantial 
drain on the world's food production. 

In anqther area, scientific and technological research 
enabled tracking of the meteorological patterns that in- 
fluence breeding, swarming, and migration of the desert 
locust, and the satellite monitoring of climate features 
favorable to its increase, greatly reducing the threat of 
the desert locust in the Middle East and East Africa. By 
contrast, failure to incorporate genes for rust resistance 
1 into the wheat varieties distributed to farmers in another * 
large*, poor country led* directly to a crop failure and a - 
foreign exchange criJis a few years ago. . s 

. ' . ' > 

Energy *> 

S*/ As the United' States" will for some time to come be a 
net rnipdrterof fossil fuels, it is critically important that x ' 

^ a diversity of supplfers be available and that production 
jOf fossil fuels for world markets be sufficient to meet 
demand. Since Amerjdan reserves are unlfkely to in- 
crease beyond their current size, and since' many of 
America's allies are inescapably dependent on foreign 
•oil, the discovery of oil anywhere in the world is an 

4 important objective of American foreign policy. Enerfy 
conservation and the use of renewable forms^ of energy 
anywhere in the world are likewise strongly ^America's 
interest--~not only because they reduce worl^l demand 
for fossil fuels but also because they reduce the amount 
of carbon dioxide that is being added^o the atmosphere" " 
and is affecting the, world's oft&iate. « \ 

Credible* .geological estinwtes indicate that much of 
the world's undiscovered oil, natural gas, and other fuel 
minerals lies v beneath LDCs. Therefore, serious explo- 
ration and exploitation of conventional energy resources . 
injhese countries work to the advantage of the American * 
. pubhc. In other words, the Ufiitec^ States has a direct * 
interest in seeing.that the LDCs have the capability to 
carry out geological explorations, deal withttiultinational • 

■ , oil companies, develop energy plans and policies, pro- \ 
mote energy conservation, and choose, adapt, and* when 
necessary , create a, renewable energy technology suited 
to local circumstances. » * * 

Moreover, to the extent that developing countries have 
become s;elf-fcufftoent in energy 'through conservation * 
and throiigh development of indigenous supjjjlies — both 

" renewable and nonrenewable— they are less dependent 
on supplies in a particular part of.thel world and less 
prone tcTpolitical instabilities brdughron v by balance of 
payment deceits. Tathe extent thaf LDCs avoid "show- 
piece", development of nuclear power over and above* 
techno-economically justified requirements, they will 
tend to lessen the incidence of terrorism ahd weapons- 
grade plutonium proliferation. Finallyr given the inev- 
itability of the spread of nuclear power techrfology to 
LDCs, 4 the American public has a. vital interest jjh the^ 
ability of developing countries to qperate nuclear ^power 
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plants in ways that avoid both accidents and diversion 
of nuclear material. 

Science and technology are already working to solve 
Lt)C energy problems. Brazil's ability to replace much 
of the gasoline fraction of imported petroleum by fuel 
ethano|,at competiftve prices is largely due to indigenous 
adaptive engineering in locally manufactured equipment 
for. crushing*, fermentation, and'distillation. 

By contrast, another example from Brazil shows how 
unddestimatiDn^by the United States of the importance 
of the place of indigenous technological development * 
can lead to unfortunate consequences. The United States, 
in accordance with its.pojjcy of opposing nuclear prcv 
liferation, provoked an international incident by object-* 
ing to Brazil's v purchase of German nuclear power tech- 
nology which included reprocessing equipment. Once 
the political need to stand up to U.S. pressure had passed, 
the JBrazilians realized that the> had overestimated their 
needs for nuclear po\vef, that the contract provisions for 
technology trans/er were nbt as favorable as they had 
first thought v and that the program was likely to tie up 
a disproportionate share of their engineering manpower. 
Brazifian energy policy is apparently being readjusted 
accordingly. 

In addition to food and energy, there are a number of 
other areas where scientific and technolqgical coopera- 
tion with LDCs meets definable, if less concrete," U.S. 
interests. These 'range from financial interests to scien- 
tific and environmental concerns io broad-based political 
issues. T * 



Ecological and Cultural Heritage 

Much of t& world's irreplaceable ecological andcultural 
heritage lies'm the LDCs. This, heritage includes such 
diverse treasures as andient monuments and works of 
art,*ancient cities (some of which still teem with people), 
game parks, toe habitats of such endangered species as 
the Bengal Tiger, and vast stretches of undisturbed trop- 
ical rain fores a t. These forests contain countless endan- 
gered Species of inestimable economic potential that con- 
stitute a genetic treasure incalculably greater .than that 
of the celebrated snail darter. Anthropologists and eth- 
nobotanists working in/these. areas indicate that many 
more useful substances ,are likely to be found in the 
prirnitive*tnedical lore that has given the world quinine, 
reserpine, and* digitals. The report of the U.S/National 
Academy of Sciences, entitled Priorities, for Research 
in Tropical Bioiogy (Washington, D.C.; 1980), lays out 
a crash program tp salvage as much scientific valuS as 
possible from the few years available in which to study 
these vanishing^ecosystems. 

Absence of adequate technology has been an important 
factor in the adoption M ecologically harmful develop- 
ment practices in ma'ny of these areas. To conserve these' 
treasures requires research in such natural sciences as 



ecology and wildlife biologv and the stud> of the pres- 
ervation of materials. It also requires institutional .in- 
novations that further national and global aims by ad- 
dressing local needs 'For 'example, the careful planning 
of tourist facilities to enable local tribesmen to share in 
tourist revenues shows promise of permitting East Af- 
rican governments to conserve, their great game parks 
both as ass^s to national development and as part of the 
world's ecological heritage. 

In a historical and philosophical sense, perhaps, these 
treasures are the common heritage pf all humanity. As 
a practical and politicafmatter, this heritage will be lost 
unless its preservation is in the interest of the (usuallv 
hard-pressed) LDCs whose sovereignty prevails. If 
Americans wish these treasures to survive, it is in their 
interest tohelp developing countries to mobilize the tech- 
nology needed for their preservation/ 

Rapid Population Growth and Unemployment ^ 

These issues are'distinct in origin but together 'give rise 
to one of the most serious problems confronting .the. de- 
veloping countries — one that also affects the United 
States both directly and indirectly. The urban, unem- 
ployed and underemploved are among the chief sources 
of political instability in LDCs, many of which occupv 
geopolitical positions of 'strategic importance. The lack 
Of employment opportunity in both rural and urban areas 
of these countriesMs the main pressure for illegal migra- 
tion to the United States. Forced by rapid population 
growth and regressive 'systems of land tenure^to extend 
their struggle for survival to marginally productive for- 
ests and deserts, the world's poor are exerting devasting 
environmental pressures in such areas. 7 Th6se root prob? 
lems cannot be bottled up indefinitely, ' . 

The population problem is 'ideally suited to the sci- - 
entific and technological cooperation of both the public 
and private sertor and t?oth the natural and social sci- 
ences. The development in the 1960s of such modern 
'contraceptive methods as the pill, intrauterine device, 
and injectable contraceptive, made the establishment of 
family planning program^ possible in LDCs.^Such pro- 
grams require a sensitive understanding of specific LDC ' 
needs; of the risks of using industrialized nations' ap- 
proaches, standards, and systems in inappropriate set- 
tings; and emphasis on the building of local capability. 
'Major technological needs appear to be in biomedical 
research related to human reproduction, and in efforts 
to develop. and commercialize promising contraceptive 
technologies that have passed the research stage. 
/ The unemployment problems of developing countries 
Are based to some degree on inappropriate patterns of 
technological development. These are caused, in turn, 
by lack of local technological capacity, lack of infor- 
mation regarding technological alternatives, uncritical, 
copying of the technologies observed in developed coun- 
' tries/and government policies that overly protect against 
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internal anti external competition, encourage excessively 
. capital-intensive investments, and discriminate against 
small-scale industry. * 5 ' * 

In most developing countries, there is 1 a crucial need 
for development strategies that create productive jobs. 
These require policies designed to encourage investment, 
and if necessary develop, technological alteratives that 
are both efficient and suited to labor-intensive operation. 
% Such measures should be combined with policies to in- 
crease the demand for technology, to create and strengthen 
scientific and technological infrastructure and human re- 
sources, to build technological capacity in the productive 
sector, and to remdve incentives thaf bias" technological 
development toward inappropriately capital-intensive 
solutions. v " *; 

While these- are primarily matters of domestic policy, 
there is ample room for international collaboration on 
the development of la£or-intensive technologies. Re- 
search has shown that earth for civil works can be moved 
by large numbers of workers as efficiently ^s by ma- 
chines, if proper attention is paid to the training of fore- 
men, the nutrition of workers, and the quality of hand 
tools. Similarly, agnc^lturafengmeers at the Interna- 
tional Rice Research Institute in the Philippines have 
designed a variety of low-cost machinery for the pro- 
duction of paddv nee ari<£ hav§ assisted local firms to 
manufacture them* 

; Suth research cannot by itself solve the LDC unem- 
ployment problem. But it can demonstrate that improved- 
labor-intensive technology is feasible and can serve as 
the basis for industrial strategies that give equal weight 
to growth and the creation*of productive jobs. 

Geophysical Research ' - 

Research ort^e^rontiers of oceanography and meteor- 
ology, wjiich is critical to the development of long-range 
weatjjer ^recasts and to the location of undersea mineral 
resources, requires the full 'cooperation of developing 
/ <fountries. A major frontier of numerical climatology, > 
the discipline that deals with the global circulation of the 
earth's atmosphere, lies in the understanding of the trop- 
ical, atmosphere and its interaction with the oceans and 
with temperate regions. Research in this area is needed, 
both for long-range weather forecasts in temperate re- 
gions and for an understanding of trie monsoons on which 
most -tropical agriculture depends. 

Many areas of critical interest to oceanographers lie 
well within the 200-mile 'limit of coastal jurisdiction of 
developing countries, These countries require assurance 
that the research vesseis are not a cover for commercial 
or military espionage. More fundamentally, jthey -should 
enjoy full participation in the gathering and interpretation 
of ,the data. Either goal would require a considerable 
strengthening of- the. technological capacity of coastal 
LDCs; a strengthening that is in the best interests of the 
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oceanographic research community and hence of Amer- 
ican foreign policy. 

Threats to the Global Environment, 
Several critical global environmental problems are be- 
yond the ability of any one country to address individ- 
ually and require a cooperative effort by all Nations. 
Scientists now agree, for example, that burning fossil 
fvfels and clearing forests will increase thextfrbori dioxide ' 
content of the atmosphere to the point where nt will' 
change the world's climate in a significant though un- 
J predictable way over the next 50 years or so. 8 N^reover, 
through a complicated chemical sequence, the' use of 
fertilizer may reduce the strength of the atmospheric 
layer of ozone that protects the earth from ultraviolet 
radiation. 

Developing countries are major contributors to the loss 
of carbon in *oil and standing biomass through defores- . 
tat ion, and several of the more advanced LDCs'arfe or 
soon will be major users of fossil fuels °and fertilizers. 
Both of these issues are rife with scientific uncertainty 
/ and require monitonftg and research on a globaj scale 

The United States hras a direct interest in the partici- 
pation of developingcountries in global jesearch efforts 
on these issues. Inwder to participate in.such interna- 
tional efforts, LDCs must have the scientific and tech- 
nological capacity to recognize that the ^world faces a 
senous probleni, that their participation is important, and 
that they need to participate in appropriate international 
research, monitoring, and remedial measures. Although - 
LDCs will be justifiably convinced that theft primary 
need is for meteorologists and climatologists who can 
apply their skills to agriculture, transport, and other more 
immediate problems, it should be possible to harmonize 
national' and international areas of need. 

Scientific and Technical Collaboration! and Foreign 
. Policy Goals 

. This broad survey of the scientific and technological 
aspects of American foreign pNfcy toward the devel- 
oping countries has identified numerous areas where 
long-range cooperation .could contribute to, coAeretely 
defined foreign policy objectives and to important de- 
velopmental goalY (Technological Stunts' '.designed 
for short-term impact on bilateral relations have been 
deliberately excluded.) Among the long-range goals: 

. • 'Diversifying souses of oil for America and its allies; 

• Freeing developing countries from economic and po- 
litical dependence on' a small number of oil exporting 

h countries by encouraging energy^gonservation and) the 
discovery and exploitation of renewable and nonre- 
newable energy resources; * 

• Decreasing the long-run increase in worldfood prices 
* by encouraging food production; 



• Alleviating problems oi rapid population growth, un- 
employment*, and migration; 

• Conserving the world's- ctiltilral and ecological heritage; 

• Improving technology t for' exploiting . undersea re- 
sources^and for predicting leng-term weather conditions; 

• Managing global environmental problems; f 

• Improving health care technology and its availability 

f j 
Choices among these options depend on both objec- 
tives and preferred approach. How can one choose ra- 
tionally between^starving people, sick children, vanish- 
ing e«ipsystems, and stable govemmentsT 
. Of the global problems in which the U.S. stake is 
clearest, food and*energy are of urgent importance and 
lend themselves^) concerted international action The 
accomplishments of the Consultative Group on Inter- 
national Agricultural Research (CGI All) show the power 
of this approach in addressing the problems ofboth ri6h 
and poor. It is essential that U S support to CG1AR be 
expanded, and'that'a global program for mobilizing en- 
ergy technology be quickly developed and funded so that 

• LDCs can take advantage of all appropriate sources of 
- energy, both renewable and nonrenewable. (For further 

discussion of .CGlAR, see the paper by.Sylvan Wittwer 
in this volumS'.) . 

Another urgent international need is for action to study 
and conserve ecological and cultural treasures that will , 
otherwise be lost forever. Programs in this area should 
begin immediately, but full mobilization will take some 
^ years to build up because of the scarcity of qualified 
personnel. 

Population research is no less urgent and important 
than research on food and energy. A substantial inter- 
national effort is already under way so that priorities for 
new* international action are less clear. Given the cer- 
tainty of limited political and financial resources in the 
early 1980s* major initiatives on population research may 
have to be deferred until some degree tff consensus can 
be reached. The achievement of such consensus is thus 
an important policy objective. (Additional discussion of 
this topic will be found in the paper by Michael Teitel- 
baum in this volume.) , 



SCIENCE AND TECHNOLOGY AS A DIMENSION OF 
NATIONAL DEVELOPMENT 

A succession of U.S. administrations has viewed' the 
overall development of LDCs as in the long-run interests 
of the United States. In addition, the United Staies has 
from time to time taken a specific interest in the devel- 
opment of particular countries deemed .of special geo- 
political interest. . 

In either case, sound long-term development requires 
attention to a broad range of scientific and technological 
considerations^ In particular, local technological* can- 
ity is a prerequisite to an effective attack at the national 
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level* on virtually any of the global problems noted in 
this discussion. For example, lack of indigenous tech- 
nological capacity often leads LDCs f to adopt sophisti- 
cated technologies used'in developed countries, which 
frequently wastes scarce capital and foreign exchange, 
contributes to widespread unemployment and severl* dis- , 
ruption bKocial traditions, and leads to economic and 
political crises Lack of technological capacity also hin- 

* ders efforts to develop local energy sources. High rates 
of population growth, coupled with development policies 
that fail to encourage the use of empdoyment-creating 
technology, fuel' political unrest and the unwanted mi- 
gration of workers. 

* The fields of science and technology are thus not the 
arcane preserCe of specialists in universities and research 
laboratories but are basic to development strategy. To 
the extent that U.S. foreign policy is concerned with the 
long-term health of* specific developing countries or of 
the developing world in general, there must be a cleat 
understanding of {he scientific and technological dimen- 
sion of development. This dimension includes not only 
research and development, but the application of inno- 
vative technologies and the choice of technologies from 
"off the shelf " It also encompasses the formation of 
human resources, the development of local capacities to 
adapt, absorb, create, and use technology,, and the elab- 
oration of national and sectoral policies designed to en- 

* courage technological innovation, to assess its effec- 
tiveness, and tp guide it into socially useful directions. 

The scientific .and technological dimension of devel- 
opment further includes the capacity to adjust to • ad- 
vances in technology and to. the technological conse* 
quences of such global trends Sk changes in the price of 
energy and other key commodities. Included as well is, 
the .capacity fpr informed participation in research and 
policy discussions on global technological and environ- 
mental issues. . * 

As is clear* from the discussion thus far, our definition 
of technology is deliberately broad — namely, the appli- 
cation of knowledge to achieve a practical objective. 
Thus defined, technology includes both equipment (hard- 
ware) ^and the institutions and management practices 
(software) needed for its effectiveness. 

By this definition, technological development includes 
the evolution of the technology in use in a country as 
well as 4he country's development of its capacity to 
mobilize technology — i.e., to assess needs, resources, 
and challenges, arid to choose, adapt, create," and im- 
plement technology to meet defined objectives. 9 Such ' 
capacities can be found in universities, technological 
. institutes, research laboratories, government ^agencies, 
private or publicly-owne^d consulting firms and producer ' 
' enterprises, or small volunteer organiiatitfns They re- 
quire skills derived from both the natural and social sci- 
ences, and these skills are needed in some form at all 
stages of development. 
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In the earlyNtages of technological development, a 
country must concern itself with the building of basic 
scientific an\i technologicaj^frastruct'urc — a university, 
minimal research. facilities and a technical library, fol- 
, lowed by scientific professional organizations and some 
form ofVational research council to admimster fellow- 
ships, to coordinate research funding, and to relate re- 
search to the country's needs. An agncultural rdsearch 
laboratory and the rudiments of industrial standards then 
follow. 

Moravcsik and Ziman, in their classic article, "Par- 
adisia and Dominatia," have described the difficulties 
facing the scientist from a developing country who, with 
his Ph.D fresh from^a leading American or European 
university, returns homc^to discover-that he must now 
.assume responsibility for building a currkfulum, a li- 

, brary, a workshop, a department,, and sometimes a na- 
tional scientific community — all tasks for which he is 
completely unprepared — as well as carry o/i research 
with inadequate funding and with few of the support 
services that young American scientists lake for granted/" 
The most difficult problem of technological devel- 
opment—that of relating the fledgling scientific and tech- 
nological community tp the mainstream of the econ- 
omy — anses in its rpost. elementary form at these early 
stages. Every developing country, faces major decisions 
which cannot be deferred until it achieves a reasonable 
measure of technological .capacity . Investment projects 
must be planned an&development policies devised. The 
infrastructure" inherited from the colqnial, past must be 
maintained afid cxpandcd'.to meet the demands of mod- 
ernization. The past and probable", future effects of the 
introduction ^pi technology must be assessed and the 
range of technology,in iise must* bp broadened. 

Except for a few "Oil exporters, LDC resources such 
as money, managers, trained pe6)?le, and institutional 
and physical infrastructure are. limite^. Political leaders 
and economic planners are beset with pressing social, 

- economic, anfl political problems. Their staffs typically 
include able, highly trained professionals who are equal 
to the best in arty country-. ButMhey are usually feu .in 
number arid are. thinly stretched over an enormous range 
of responsibilities. Moreover, thpy are rarely* familiar 
with science and technology and neither provide sub- 
stantial Resources for research flor press for sorely needed 
technological development, liiere is also a large, unmet, 
and urgent need for informed indigenous control of de- 
cisions co/icerning the overall'conceptiori and design of 
policies and projects/ to insure that techr^logical def-. 

. veloprrient choices arcmade with the full involvement, 
understanding, and concurrence of local people, and with 
local conditions arid needs fiUlyjn mind. 

The problems of undeveloped technological capacity 
are acute in developing countries which have cornc into 

^sudden wealth through the expprt of petroleum. These* 
countries mi}St somehow invest vast surtfs quickly, under 



f 



i 1 • 

482 AAAS POLICY OUTLOOK 

intense political, social, and commercial pressure while 
simultaneously developing local capacity, often virtually 
from scratch. 

Thus defined, technological development lies at the 
heart of political stability and development strategy. To 
the extent that U.S. foreign poticy is concerned with 
ldhg-run development in LDCs, it should seek to foster 
a strong indigenous technological capacity where it is 
lacking. The development of local capacity should be 
an essential element of ejTorts^to attack the more im- 

, mediate and specific scientific and technological prob- 
lems covered in the discussion that follows. 

Many developing countries, on the 4 other hand, have 
achieved a substantial degree of technological capacity. 
In these more advanced countries, the basic technological 
infrastructure is typically in place, but in most, patterns 
of development have been based on the importation of 
foreign technology with little effort to learn to adapt it 
to the local situation, to reproduce it under similar con- 
ditions, or to improve it. These pattern^ have left tech- 
nological institutions isolated from the economy . In these 
countries, moreover, economic policies that affect in- 
terest rates, exchange rates, and wage and tariff levels, 
have frequently been responsible for a pattern of tech- 
' nological development that is inappropriate to local fac- 
tor prices and that fails to create enough productive jobs. 

Despite their relatively advanced level of technologi- 
caf capacity, these countries, hold some of the poorest 
people in the world. Too often social programs designed 
to improve their |ives or develop the informal sector 

, neglect to encourage scientific and technojogical research 
and innovation, resulting in little demand for the devel- 
opment of the simple, low-cost technology that could 

* address their most pressing problems^ 

In the most advanced developing countries, scientific 
and technological research, development,^ innovation 
are unportaAt elements of market competitiveness.* In 
sonje of their exports, these countries use up-to-date 
means of production, adapted to local conditions. They 
also use modern techniques to identify and service their 
markets. Some have also* begun to export technology, 
usually to* other developing countries,, in the form of 
• capitak^goods, turnkey plants, licenses, and technical 
serviced. 

CONFLICT AND COOPERATION IN TECHNOLOGICAL 
DEVELOPMENT 1 / 

U.S. foreign policy toward technological development 
i ia LDCs, especially those that are more advanced, is 
Ambivalent. However much it may appreciate the role 
oftechnological capacity in long-term development strat- 
egy, the United States must consider a variety of issues 
in which .its interests may conflict with 'those .of specific . 
LDC$. Such issues include commercial competition, the 
' "export of jobs" through overseas investment or tech-' 



nology transfer, the threat or reality of nuclear prolif- 
eration, the supply and price of raw materials, and the 
possible conflict between'the desire of an LDG to develop 
its own industry and technology and that of the United 
States to export its manufactures, agricultural products, 
/ and services. 

These considerations are present to, some extent in 
U.S. relations with technologically less advanced coun- 
tries, particularly oil. exporters, that are major powers 
in global resource politics, important markets for equip- 
ment. and services, and potential /rompetitois in capital- 
and energy-intensive products like fertilizers and petro- 
chemicals. Indeed, conflicts over such issues as controls 
on the import of toxic substances are most acute in coun- 
tries that lack the technological capacity to draw up and 
operate an appropriate regulating mechanism. 

As an additional complication, many of these issues^ 
have entered tjie North-South.. dialogue in the form of 
demands for improved access, to proprietary technology, 
^international codes of condi^ct for technology transfer, 
buffer stocks to stabilize the\rice of commodities ex- 
ported by LDCs, and international arrangements for the 
exploitatio^of undersea minerals. These issues arc 
pressed most vigorously in international diplomatic for- 
ums by governments of more advanced LDCs who seek 
to advance the interests of their growing modern irlflus- 
tnal sector. 

For the U.S. policymaker, these areas of conflict are 
awkward in three ways. First, they are sufficiently spe- 
cialized th^t they rarely attract the sustained interest of 
high-level officials. Second, many concern areas of com- 
mercial interest iji which the government is reluctant to 
become directly involved. Third, marty of the remedies 
proposed by the LDC representatives may not, in fact, 
be the most technically effective ways to address the 
problem. 

Although the U.S. response to these demands clearly 
involves more diplomacy than technology, the most con- 
structive response would be tb identify aricr study that- 
portion of the problem where North and South have, 
interests in common, to defi newts' practical content care- 
fully, and to devise and promote a mutually benefioial 
" technical solution. -Wherever possible, this type of so- 
lution* could be pursued, ^designed, and implemented in- 
dependently of the broader controversy. The purpose is 
not to win the dipdoma>tic confrontation but to make prog- 
ress ^tpward solving the long-range problem. This a'p.-. 
proach seems more attractive than the alternatives, which 
are' (with some oversimplification) 'either , to * 'stone- 
wall,' ' on to offer a less expensive solution which is 
demanded by the developing countries and" which the 
United States has good reason to believe would not be 
effective. The following pages briefly outline" several 
tentative^ applications of this approach to some of the 
thorny problems confronting U S. diplomats irr areas of 
science, technology v and development. ' ^ 



Transfer of Commercial* Technology 

This issue has come to symbolize to the business com- 
munity all the technological aspects of foreign policy x 
toward the developing^ world. Developing countries ~ 
have ^-through a variety of diplomatic (orums, pressed 
for an easing of the costs and conditions c& the transfer 
of commercial technology through a binding interna- 
tional code of conduct. Some have eveh asserted that 
knowledge should be a free good. Developed countries 
have replied that the> did not have, nor wish to assume, 
control over sijch commercial transactions in the private 
sector, 'that commercially useful'knowledge was costly 
to produce and deserved its full market'value, that most 
of the technology needed *by developing countries was 
available without restriction and even without charge, 
and that any abuses could best be {and indeed were being) 
dealt with through national government regulations. 

Tfiese disagreements are in ape sense an extension of ' 
international business negotiations between supphers and 
purchasers of technology.' ManyXDCs, in exercising 
their sovereign right to do so,* have established regula- 
tions on the international commercial ^transfer of tech- 
nology, ctfhich typically Mirpit the size of royalties and £ - 
prohibit certain provisions*™ commercial agreements. 
Agreements are often not allowed to ban the export of 
products made with imported technology or to require? 
that raw material be purchased from the technofbgy sup^ 
pMer. A regulatory body may be required to participate, 
in the negotiations between suppliers and purchasers of 
15 technology. » 

" At the pragmatic level, proponents of such regulations 
assert that they limit the foreign-exchange costs, of tech- 
nology transfers and eliminate onerous restrictions with- 
out hindering the flow of technology. Critics assert that 
supposed savings may simply be shifted to some-other 
entry.in the foreign-exchange outflow ledger or may be 
counterbalanced by the^ loss of benefits caused»by project 
delays while the transfer agreement, is being reviewed 
4nd approv^ Only time will tell whether sych regula- 
tion will in fact improve the terms of technology transfer 
without slowing it down. 

In the meantime, there may well be unexplored ave- 
nuerfor coll^borati5n in areaS of mutual benefit. LLS Vv 
business has an interest in promoting tfye sale of tech- 
nology, whether in the form of equipment, technical 
services, licenses, or kriow-how. U.S. labor- shares this 
interest, as long as 'these sales are matched by invest- , 
ments in domestic innovation intended to ensure con tin v 
ued U?S. competitiveness-atod wjth assistance to worker? 
displaced from noncompetitive industries. Assuming that 
domestic^ innovation- does* not slacken, there is every 
reason Jq explore the possibility of creative mechanisms 
to* encourage technological collaboration between U.S., 
and LDC firms: . J ' * , * 

Sijfh measures already form part of^U.S. bilateral 
agreefnents with Israel. A ^laterally funded foundation 
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in that nation promotes technological c6liaboration be- 
tween private firms in the tw.o countries, typically but 
not exclusively providing for research and development 
leading to* the commercial application of an Israeli tech- 
nology using U.f. marketing skills Over the next several 
years, the same pattern could be extended to other rel-* 
atively* advanced countries such as Korea, the Philip- 
pines, Taiwan, Thailand, Brazil, Mefico, and Jordan. 
Comparable programs of coopefation might be arranged 
among trade or professional organizations. Arfother in- 
teresting suggestion is that of Jack Baranson, who,Jias 
pointed out the need for a special facility to finance the 
front-end cos/s of a technology supplier in the United 
States who must incur expenses for technical services 
months or years before he receives royalties based on 
sales. " 

/ 

Negotiations with Transnational Corporations. * 

The wide areas of disagreement between developed^ind 
developing countnes with respect to the activities ot 
transnational corporations should not obscure their agree- 
ment on one fundamental issue stable business agree- 
ments are in the interest of both sides, and the most 
stable agreements are those that are equitable. This prem- 
ise leads directly to the somewhat paradoxical conclusion 
that it is in the direct interest of transnational corporations 
that their overseas counterparts be skilled in negotiations 
so that they may arrive at agreements which protect, their 
interests and which they expect to fulfill. This interest 
extends to the United States government not only be- 
* cause of its interest in U S c'ommercial relations abroad, 
bufbecause disputes with overseas investors -constitute 
a major irritant in bilateral relationships with developing* 
countries.' 2 . < ; 

Scientific and Technological Information 

Developing countries haVe demanded improved access 
to scientific and technological information, which they 
find to be a near-monopoly of the industrialized coun- 
tries. This demand sometimes takes the extreme form 
of unfettered access tp proprietary information. More 
recently, it hasjwem embodied in a proposal for a cum- 
bersome network of national' focal points (too often serv- 
ing as information depositories rather than information 
services) under Jetted Nations auspices, which in this 
^author's view vyifl do little to aid the supposed benefi- 
ciary, of the system, namely the user of technological 
information in the'developing country. 
. Th^tJnited States has an obvious interest in helping 
developing countries rpeet their technological informa- 
tion needs, especially when the' technology is produced 
in the U.S. To date, the major U.S. response to such 
demands has been a modest but useful program to im- 
prove access to the huge store of technical information 
in the Nation*! Technical Information Service (NTIS). 
Further efforts in this area would require the development 
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of information networks at the national level designed 
to help the LDC user define and meet his Own needs^ 
•for information. Such systems could then develop 
means of access to the many existing data banks around 
the world., It would then be in the U.S. commercial 
interest to facilitate the access-of such national services 
to any U.S. sources not covered by existing s^tems* 
and to maintain a professional staff to handle ^eciaUzed 
information. ' * 

Commodities 

Developing countries are convinced that they are being 
victimized by low ancf fluctuating prices for natural com- 
. modities that they export. Although the United State's 
has generally resisted strong diplomatic pressure for 
buffer stocks and other devices to alleviate this problem, 
it has supported research and development on many.such 
commodities, which is much less expensive than buffer 
stocks, and which is in the long-term interest of both 
producers and consumers. . s 

Careful attention to agricultural and technological re- 
search has allowed natural rubber to compete effectively 
with synthetic rubber, prpviding consumers with a useful 
engineering material 'and allowing Malaysia and other 
rubjper 'producers time and foitign exchange needed to 
diversify into other crops. This experience, and that of 
international organizations concerned wjjh wool and cot- 
ton, has shown how research, integrated with marketing 
aad promotion in a^ommercially oriented' strategy* can^ 
defend* the market competitiveness of a natural- com- 
modity against intense competition from synthetic sub- 
stitutes. By contrast, neglect of modem tgarketing tech- 
niques and inadequate agricultu&l and industrial research^ 
have been primary factors in fee rapid decline of the 
market^ for jute, a principal export of Bangladesh and* 
India. 

The United States is a charter member and major sup- 
porter -of the International Institute for Cotton (IIC), an 
intergovernmental ^organization for the defense of the* 
market competitiveness' of cotton through industrial re- 
search, promotion, and service to the textile trade The 
United States has also supported the prpposal for a Cotton 
Development ^International (CDI)* which would absorb 
the Institute's program and extend it into agricultural 
research and into a more active role in increasing the 
amount of cotton used by the LDC .textile industry. 
, ' The CDI proposal, made public in 1976, is still under 
discussion 6y governments. Unfortunfcely, it has been 
considered a subsidiary -issue in discussions underway 
-at the United Nations Council on Trade and Development 
(UNCTAD) for cotton buffer stocks— which many ne- 
gotiators feel is the. "real" issue, regardless of the fact 
' that the technological defense of market competitiveness 
can achieve major, results at much lower cost. Conse- 
quent delays^ave threatened the future, not only of CDI, 
hut of IIC # itself. \ k ' ' 



The history of die" CDI proposal illustrates die diffi- 
culties faced by constructive, attempts to,tie,ve4op prac- 
tical, mutually beneficial programs of scientific and tech- 
nological .cooperation in this highly politicized area 
Nevertheless, such efforts deserve U.S. support, espe- 
cially when they concern commodities, such as cotton 
and jute, which contribute heavily to the livelihoods of 
poor people iirLDCs. 

Communications $ 

LDCs exert major diplomatic leverage in two interna-,, 
tional organizations that have a substantial influence over 
global'communications policies of importance to the 
United States. First, the^United Nations Educational, * 
Scientific, and Cultural Organization (UNESCO) is en- 
gaged in a major debate 'over measures to rectify the 
imbalance in information flows beftve^en developed and 
developing countries, which are^envinced that journal- 
istic coverage by private news services is in some cases 
insensitive and displays insufficient understanding of 
their problem^. 

Ther United States fears thSt the measures proposed 
by LDCs to UNESCO could l^itimize the efforts of 
governments to control the flow of news from their coun- 
tries. Second, the International Telecommunication Union 
*is responsible for convening intergovernmental confer- 
ences to allocate radio frequencies among conflicting , 
uses — a function of both military* and civilian sighifi : 
cance. U.S. diplomacy in both cases suffers from the 
absence of any program to assist developing countries . 
with their communications problems Yeuthis is*an area 
where the most advanced U.S. technofogy has clear ap- 
plication to important development problems that would 
be drfficult to address in any other way. 

Substances Involving Hazard 

U.S. environmental groups have occasionally proposed 
that the export of such substances be subject to tl^s^Be^ 
restrictions as t^eir domestic use. The balance between 
risks artd benefits in developing coyntries differs greatly 
from that in the United States, however the United 
States would assume an impossible burden ^ its courts 
had to decide, for example, whether DDT should be used 
to control malaria in Sri Lanka or whether insecticides 
are being properly applied to cotton crops around" the 
world. ' . * :< . 

On the other hand, many developing country govern- 
ments cannot deal effectively with the pressures, both * 
internal and external, to allow misuse of these useful but 
dangerous substances. Toxic substance 'exporters often 
help LDCs draft codes of cohtrol,^)ut may do so in a 
self-serving manner. There have been instances of efforts 
to "influence foreign governments to use pesticides im- 
properly or excessively, &nd of warning labels which are 
unreadable by foreign users or which l^ck essential cau- 
tions. While there is no perfect solution to this problom„ 



it would be to everyone's advantage to help LDCs to 
build up their own capacity to deal with these matters 
and protect their own interests. 

An analogous situation exists in the field of pharma- 
- ceuticals, where there is an obligation — not always per- * 
^ fectly honored in practice*— to wan^physicians and con- 
sumers of possible side effects and contraindications. 
Here, too, risk-benefit factors may be different in an 
LDC than in the United States. A country in the midst 
of an epidemic may be willing to license a vaccine or 
drug with significant side effects, even though there 
would be no need to accept these risks in the United 
States where the disease is virtually nonexistent. 

This issue has become particularly acute in the case 
of the injectable contraceptive Depo Proves Depo 
Pro vera has not been approved for contraceptive use in 
the United States because of studies that suggest a pos- 
sible link with cancer, and other side effects. Numerous 
LDCs ; nevertheress use this substance and request that 
the United States provide it, arguing that their population 
problems tfre urgent and that the risks of pregnancy and 
childbearing in their countries far outweigh the drug's 
possible hazards. 

It is a mistake* to impose U.S. conditions on LDCs 
and to argue, as some U.S. groups have done, that drugs 
such as Depo Provefia should not be exported because 
they carry risks unacceptable ip this country. In the end, 
it is the LDCs themselves, through development of their 
own regulatory capacities, who will decide the appro- 
priateness of any imported technology. 

I 

CURRENT U.S. POLICY AND PROGRAMS 

We have not attempted a comprehensive review of \J.S^. 

^pr<jgrams for scientific and technological cooperation 
with developing countries, or of the policies thatiinderlie 

. them. What follows is a brief overview of existing policy 
and practice, with particular emphasis on bilateral pro-* 
grams ? fpv ih€ purpose of comparison with the ap- 
proaches recommended in |his paper^ 

For convenience, we distinguish /our broad, and in 
some cases overlapping, mechanisms for U.S. bilateral 

'scientific and technological coopenftion with LDCs. 

. ° % 

(1) Bilateral agreements with countries of geopolitical 
importance; 

(2) Development assistance programs; 

(3) Extension of domestic program^ into the interna- 
'tiona^sphefe; 

(4) Programs set up in pursuit 6f global policy objectives. 

a 

BILATERAL AGREEMENTS' - ' ' 

The United States has -signed agreements of bilatfcraL 
cooperation in science and technology witfT((hen).*de- 
veloping countries as diverse, as New Zealand, China, 
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Egypt, Saudi Arabia, ^nd Spain. Many of these agree- 
A ments have resulted in large and important programs. 
From the point of view of U.S. foreign policy toward 
the developing countries, the chief function of such 
agreements has historically been to .improve the atmos- 
phere of bilateral relationships. Such efforts have foU 
lowed a prescribed order, first, the exchange of athletic 
and cultural attractions; then the scientific mission 'to 
_ arrange a cooperative agreement, then, x the addressing 
. of "real" issues. The objective of the scientific mission 
was to create some cooperative effort betweeathe United 
States and the other country, the subject of cooperation 
was unimportant and could be left to the scientists, who 
typically chose subjects where research capacity in the 
cooperating country was strong, regardless of its rele- 
vance to national needs. Conversely, if bilateral rela- 
tionships were chilly and a thaw was considered unde* 
sirable, there has been little or no provision for scientific 
and technological cooperation. 

Recent bilateral agreements with China and several 
African countnes show an encouraging shift from this 
. pattern, at least in the choice of the subject for coop- 
eration. Formal agreements were preceded by surveys 
of each country'^ needs to identify the best subjects for 
bilateral cooperation. These agreement ranged well be- 
yond research to include, for example, collaboration in 
water resources -planning in major Chinese river basins. 

Another interesting bilateral experiment is the U- S.- 
Israel Bin^tional Foundation for Industnal Research and 
Development, mentioned earlier, which encourages 
commercially motivated enterpri^to-enterprise tech- 
nological cooperation in the private sector. The work of 
this foundation provides, to this author's knowledge, the 
^pnly example in the^J.S. federal government of direct 
supp# to industrial research and flevelopment awarded 
v on purely 'commercial criteria. 



. DEVELOPMENT ASSISTANCE 

Science and technology have formed part of American 
bilateral development assistance for many years. As- 
sistance programs have supported, forexampfe, research 
on hurtian reproduction, forestry, water resources^-pest 
control, and tropfcri- diseases. These assistance 0 funds 
bave also supported a useful series of publications. by the 
National Academy of Sciences that conveys, in compact 
form, the state of knowledge in relatively unexplored 
fields of science, and technology which promise appli-, 
' cations of high economic potential in LDCs. Examples < 
include ferrocement, unexploited species of tropical leg- 
umes, and fast-growing trees. 

•SinceJ^)73. the objective of the foreign aid program 
has bewto'help meet the needs of the desperately poor 
for food, health, education, and in recent .ye^rs, fuel- 
wood. This humanitarian objective has been a prereq- 
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uisite to continued congressional support for. the devel- 
opment assistance budget and has inspired efforts critically 
important in the global struggle to alleviate poverty. 

Assistance programs undeftrr^ new policy support the m 
development of research capjjpfty in these fields^in the 
poorest LDCs, which are-flow the sole recipients of de- " < 
velopment assistance. In addition, a major new group 
of (programs, called the Collaborative Research Support 
,Programs, supports the building of U.S. capacity to col- 
laborate with food and nutrition researchers in LDCs. 

The shift ,in emphasis to the prQblerns of the poor has 
also increased interest in low-cost technology. Since 
^much of the technology use/d to soJye comparable prob- 
lems in industrialized countries is far too expensive for 
poor LDCs, development assistance agencies havg been 
forced to consider innovative solutions to problems such 
as healthr services, nutrition, and basic education /in or- 
der to meet these needs at a cost low enough that the 
approach can be extended to large numbers of people 
within the resources available to the^developing country; 

Several U.S. Congressmen have indicated a further 
special interest in "capital saving" technology as the 
key to meeting the needs of the poor, and have added * 
provisions to foreign, aid legislation to ensure the use of 
such technology. This has prompted support to com- 
munity action groups in LDCs capable'of applying such 
technology to" the needs of the' poor through the U.S. 
Agency for International Development (AID), the^Inter- 
. American Foundation, and Appropriate Technology * 
International. 

These efforts have been useful correctives to the tend- 
ency of development assistance agencies to apply fa- 
miliar technologies ev£n when these, are unsuited to the 

* problem at hand - ancJ have S lven nevv4egitimacy to tech- 
nologies that might otherwise have been regarded a*s 

unworthy of a modern country. On'the other hand, they 
run the danger that "appropriate technology* \ may be 
rejected as second-rate or dismissed as the latest fad or 
panacea without proper consideration on" its merits.' . 

The United* States has m'ade major contributions to 
.multilateral agncultural research on food crop produc- 
tion, and to biomedical research in tropical diseases and ^ 
human reproduction. It has also given substantial support * 
to building the needed capacity for carrying out research 
on these problems. The food crop research financed by 
CGIAR has been ah outstanding success. As a funding 

* mechanism, the group is already serving as a model for 
the financing of research in fields which lend themselves 
to integrated global programs under international man- 
agement and control. Such research has sometimes taken 
place in international centers, but in other cases has taten 
tke form of a network of research institutions in devel-' 
oped and developing countries', such as that of the In- ^ 

' tegrated Program of Training and Research on Tropical 
Diseases of the World Health Organization. 



INTERNATIONAL EXTENSION OF NATIONAL PROGRAMS 

Many § programs developed for scientific and technolog- 
ical research in the United States have been extended tq 
other countries. The National Aeronautics and Space 
Administration (NASA) has; supported experimental ap- 
plications of satellite techniques of remote sensing in 
developing countries, the Communicable Disease Center 
and the U.S. Department of Agriculture have, respec- 
tively, investigated diseases and jnsects that posed 
threats to the United States; and the U.S. Geological 
Survey has studied earthquakes and volcanic^ eaiptions 
in foreign countries to prdvide insight into similar events 
in the United States. { • , . •' 

All of these programs provide technical assistance to 
their LDC counterparts, although more as a by-product 
than as a primary objective. Increased attention* to 'this 
technical assistance could, at relatively low cost, greatly 
increase the effectiveness of these program's in building 
LDC' problem-solving capacity, and contribute to the 
global stock of knowledge on these subjects of world- 
wide interest. 

PROGRAMS IN.SUPPORT OF GLOBAL OBJECTIVES) 

By far, the major thrust of U.S pursuit of global policy' 
objectives has "been in program's to abolish poverty But 
there are also several U.S '-supported programs that deal 
with issues of global significance not directly connected 
with poverty, g ( 

U.S. participation in the Global Atmospheric Research 
Program of the World Meteorological. Organization is 
primarily intended to provide the scientific basis for long- 
range predictions of U.S feather. This objective can 
H only -be. fulfilled through international cooperation, as if 
requires a global effort to fill major gaps in meteorolog- 
ical (and to a lesser extent oceanographic) ddta Man^ 
of the most important of these are in the tropics. For this 
reason, U.$. participation in this program, although not 
primarily intended' to assist developing countries, pro- 
vides tens of -millions ©f dollars for the study of the 
trbpical atmqsphere, a subject of critical interesj to these 
countries. ^ * 

Examples of efforts jntenaed to fulfill global objec- 
tives are the international programs of the Department 
of Energy. The Department has published long-range 
assessments of the energy needs qf Peru, EgyprT and 
several other countries. While the prime objective of this 
program is to*slow the; spread of nuclear power, its ex- 
ecutors quickly realized that they 'had no choice but to 
try to take the point of view of t their 'Customers" and 
to provide them with full assessments of all their energy 
options, including nuclear power Such an approach, it 
is hoped, will discourage nuelear projects that%e mo- 
tivated by prestige and that lack techno-economic jus- 
tification'. On the other hand^these studies have not at- * 



tempted to build local capacity for needs assessment and 
have sometimes tended to project^U.S. conditions arid^ 
requirements onto the developing countries without full) 
^evaluating. the alternatives. 

GENERAL ASSESSMENT * 

It has tang been apparent that U.S. programs of scientific 
and technological collaboration suffer from fragmenta- 
tion, omissions, and lack of funding or institutional sup- 
port within' the government. As Eugene Skolnikoff has 
pointed out in his "synthbsis" paper jn this collection, 
it has proven very*difficult to fund programs which can 
neither compete at par with the best of American science, * 
nor be justified as aid to rural development in the poorest 
LDCs. These are important priorities^ but surely do not 
span the whole set of objectives of American foreign 
* poliqy or of the overseas aspects of American technology 
policy. 

As early as 1971, the National Academy of Sciences 
recommended the establishment of an International Dey 
velopraent Institute, separate from AID, as a focus far 
scientific and technological cooperation with LDCs as 
distinct from the transfer of resources. This proposal was 
revised and brought up to date after a thorough study by 
the Brookings Institution of the bureaucratistlifficulties 
faced by AID in its attempts' to -support scientific and 
technological programs. 13 « * 

In 1978, building on the Brookings study, the White 
Hqjfcse Office of Science and Technology ggjicv pro- 
posed an Institute for Scientific and TechndBgical Co- 
operation (ISTC) as a mechanism to encourage and co- 
ordinate scientific and technological cooperation with 
LDCs. Establishment of ISTC was to fill several gaps 
in (he institutional framework for dealing with techno- 
logical problems in LDCs. to increase support to research 
and development, free of the pressure of the immediate 
priorities.of AID programs and of the state of bilateral 
relations with cooperating countries; to enable research 
support for projects not directly. related to "basic human 
needs"; and to develop.progfams of scientific and tech- 
nological cooperation with middle-incoirfe countries 
such as Brazil, Mexico, and Korea, which are 1 'gradu- 
ates" of aid programs and on the way to becoming major 
industrial powers. 

The ISTC proposal reflected increased understanding 
of the complex role of science and technology in de- 
velopment — as an important dimension of development 
rather than a "fix," a panacea, or a stunt. It recognized 
that technology covered a broad range of levels of so- 
phistication, from satellite-based remote sensing to im- 
proved clay-and-sand cookstoves. It recommended that 
sociological and institutional constraints to the diffusion 
of improved technology be explicitly addressed, and that 
particularly complex problems — such as nutrition and 



I ' S&T in Developing Countries 487 

public health— rbte addressed b> integrated research on 
technology policy and institutional design. Finall), it 
gave developing countries a role in the management of 
the Institute through the establishment t of an advisory 
council on which they were to be represented. All these 
were important advances. , t 

Congress Ijas not approved the establishment and 
funding of such ah independent ISfC, allowing instead 
only a smajl increase in the budget-for science and tech- 
nology within the regular AID strucWe. AID has estab- 
lished the position of Scientific Advisor in toe Office of 
the Administrator, and is making arrangpmehts to fund 
research on topics identified by the National Academy 
of Sciences through its Board- on International SdlGhce 
and Technology for Development. 

This 4s not the place to assess the prospect3 of so'me 
•version 6f ISTC for eventual enactment, or to.cntique 
the efforts of its planners wh£ worked under difficult 
pressures* of time and politics, to design it a«d)to justify 
it to the Congress. Sbme of the participants in^hat effort 
have suggested in personal conversations with the author 
that the difficulties were no more fundamental than the 
failure to convince skeptical members of Congress that 
th£ laudable objectives of ISTC, to wkich the Congress 
was basically receptive, could not be achieved within 
existing organizations. A Tew are even convinced that 
scientific and technological cooperation will become the 
major thrust of U.S. bilateral development assistance 
over the next several years, partly because science and 
technology is the area in which the United States has the 
most, to offer, and partly -because this kind of cooperation 
is cheaper than financing large investment projects. 

Others, by contrast, cite the uneasiness of politicians 
at the premise that science and tecKnology can fully' 
contribute to LDC needs only if scientists are given a 
greater voice in such efforts^tritTare^able to use resources 
without the constraints^ existing organizations. 

In any case, the refusal of the Congress to appropriate 
funds for the ISTC or to contribute to the U.N. Interim 
Fund, 14 combined with the increasing Unpopularity of 
foreign assistance — as shown by the annual difficulties 
faced by the foreign aid bill in Congress — show clearly 
the present lack. of a strong domestic political constit- 
uency for improved scientific and technological coop- 
eration with the developing world. The' author. would 
suggest that it is time to seek to create or strengthen the 
domestic political constituencies for such activities. 

A likely basic constituency would seem to be the U.S. 
scientific and technological community. However, with 
the exception of a relatively 'small number of profes- 
sionals, concerned with scientific and technological de- 
velopment in LDCs, there is an absence'of strong interest 
in this field among much of the leadership.of the U.S. 
scientific and v technological community. Proposals for 
support of research on problems of interest to LDCs, 
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whatever theirlntnnsic scfentific interest or pffctical im- 
portance; have been regarded as competition for budget 
resources with thd "real" interests of the,American sci- 
entific *cornmunit> — namely, those problems defined by 
purely domestic interests of the United States. 

Thefe h^s been some change in 'this attitude, partly . 
because of tho expansion of scientific and technological 
cooperation with China, the Middle East, and (to a lesser 
extent) Africa. Technical journals such as Snerue> Tfie . 
New Scientist, and the Bulletin of the Atomu Scientists 
have N begun to devote increased space to issues concern- 
ing deveIoping\:ountriejkJ2ut there has been far too little 
effort to conve> botntne human importance and the 
intellectual challenge and excitement of t|ie scientific and 
technological problems confronting the developing world. 

American scientists should, in the name o'f devotion 
to the pursuit of knowledge, assume some responsibility 
for the professional survival of their Colleagues in LDCs. 
The> should encourage .-American funding agencies to 
make available the relatively small sums needed to keep 
scientific research alive in these countries, and should 
acquire the knowledge needed to be able to prepare stu- 
dents from these countries for the special problems they 
vyill face on their return home. 1 * 

Popular interest amomj Americans in the scientific and 
technological problems of LDCs has been limited to sub- 
jects that echo the domestic concerns of organized 
groups. Public interesr groups have rendered a useful 
service in spotlighting'the particular technological prob- 
lems faced by women in developing countries, as'wefl 
as the need to protecUehdangered species from com- 
merical exploitation-. 

Occasionally, however/ the projection of domestic 
political issues onto the deferent conditions of LDCs k 
results in a somewhat distorted perspective. We have 
already discussed the difficulties of applying arguments 
designed for U.S. conditions to the problems of pesticide 
• and contracepfive use in LDCs. There are many similar 
policy issues. The use of infant formula is heavily pro- 
moted to the poor in LDCs who cannot afford and fre 1 
quently misuse it. Yet, such products are as essential to 
1 working mothers there -as they are here. Here public^ 
pressure^ discourage irresponsible advertising can have 
a useful effect. > 

Wages, working condition's, and safety and environ- 
mental safeguards in most developing countries' are far 
below U.S. standards. In many cases, scandalous con- 
ditions could be improved at little cost. Yet, LDCs can- 
not afford the unquestioning application of me standards 
typical of advanced countries. Here the effo\ts of U.S.- 
based labor unions, to raise the awareness o^ their col- 
leagues in LDCs are far more effective 'than calls for 
protection ag^nst ll cheap labor/*' * 

By comparison. U.S. environmental and consumer 
groups have been curiously inward-looking. Americans 
mobilized to save the snail .darter, yet have paid little 
attention to predictions that hundreds of thousands of 



species may become extinct in coming decades without 
having been catalogued, let alone studied for r^ssible 
ecopomic value or scientific interest. 1 * popular support 

.is needed for research programs to survey ^and study* 

•existing flora and fauna r in these areas, and ecologically 
sustainable strategies for'thpir protection, in several poor 
countries these areas occupy much of the remaining un- 
used arable land. 

Public pressure might also be useful in convincing 
timber companies to adopt sustajjrable approaches to for- 
est exploitation, even in, countries wfiere this'approach 
may* not be scrupulously required or even encouraged 
* by local authorities. Such' an approach might well be 
made unofficial U.S. government policy, and urged on 

' U.S. -based companies — much as foreign policy officials 
occasionally urge financial support .to a shaky govern- 
ment 6*f special geopolitical importance. 

♦ # The distinguished Dutch economist Jan Tinbergen has 
pointed out, the natural aljiance between consumer ad-, 
vocates in developed countries" who seek to lower costs 
and improve the quality of products in the marketplace, 
and the* advocates of increased trade with LDCs. whose 
products tend to be at the low-cost. low -quality end of 

" the spectrum: Their combined efforts could lower prices 
of an entire array of products Vet American consumer 
groups have thus far spent surprisingly little of their 
political capital in opposing protectionism It is str6ngly 
jn the interest of the American consumer both to insist 
Dn adequate measures to ensure lnnovativertess in Amer- 
ltau Industry and to place, no obstacles before— and in 
some cases Jo assist— the technological capacity of LDC 
industry. 



CONCLUSIONS • ' 

A major expansion and redefinition of scientific and tech- 
nological cooperation with the LDCs is needed, nofonly 
for humanitarian or charitable reasons, but to address 
major concerns of U.S. foreign policy for the 1980s: 
food, energy, global political stability, and the future of 
ahe world environment. The need for greater cooperation 
is especially acute in food, energy, ^and population. Ef- 
fective bitateral and multilateral programs are already 
under way { in food crop production research , These de- 
serve fcontyiued supported expansion In addition, there 
is an urgent* need for international efforts to assist de- 
veloping countries to develop indigenous sources of en- 
ergy. Such a program could be readily designed, and 
implemented. ' 

While the urgency and importance of the population 
problem is no less acute, the priorities for international 
technological collaboration in this field are less clear and 
require further study. This should be earned out without 
delay so that effective action can be undertaken* 

We have also identified needs far international sci- 
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entity and 'technological collaboration in the sUid> of s 
parasitic and diarrheal diseases, and 6 for.ftie studv of 
etosvstcrns of great economic potential, such as the hu- 
mid tropical rainforest, \vhich are in acute .danger, of 
disappearance. Final I\ , there is a general need to support 
local capability lo mobihze scfence and techno!og> at 4 
the national level as a part of overall national development 

While these suggestions,* taken individually, may be 
relatively modest, the> add irp to a substantial redefi-. 
nition of American % attitudes and interests vis-a-vis' the 
role of science anc^ technology in foreign policv toward 
the developing 'world. ' * * 

While scientific and technological cooperation along 
the lines suggested in this paper do not necessarij) give 
rise to technological spectaculars. tfie> do directh affect. 
U S voter lpte rests in lower food c^sts, freedom from 
petroleum cut-offs, secure supplies of minerals, the corv # 
tinued expansion of the world econom), and the expaji- 
sion of iyorld <JemanilfTor technologic all v sophisticated- 
L\S. equipment and services They are essential parts' 
^jf any -strategv to eradicate the worsjt aspects of povert) 
and to conserve the global* environment. The\ are im- 
portant K) an> strategy to assist the long-run development 
of LDCs as a hole, or of such specific countries as the 
United ^States wishes tOvsupport for strategic or, other 
reasons. And they are intrinsically challenging and ex- 
citing at a time when American popular interest is re- 
turning to scientific arid technological advances. 

These facts cari be used as the basis for efforts to 
"expand pub[ic . support for scientific and technological 
collaboration with' LDCs, as well as to gain support 
within the U.S. scientific and technological community 
for such work.* Policies and programs based ^n shared 
long-term goalt> should complement, not replace, current 
policies based on humanitarian concern for the poor in 
developing countries. 

There is* a need to continue and in some cases to 
expand research on small-farmer agncuhure, forestry,-, 
renewable energy^ parasitic diseases* low -cost htfusing 
and sanitation, and other Yields of specific interest to the 
poor. However, political support on this basis js palpabl) 
diminishing In an>,case, purely, humanitarian concerns 
do not provide a satisfactory basis .for dealings with oil- 
exporting or middle-income developing countries, or in- 
deed ifcith the middle^class of the poor developing Coun- 
tries who, after all, are the hoJLdcrs^of -political powers 



Theje is no reason foe LDCs to fjear an American* 
pblicj based on self-interest On the contrary, this*i>> 
then>best Yeason to hope for d consistent policy It is 
unreasonable and unrealistic. lo expect any country to 
pursije for long a policy which does not derive from \ts 
own Interests. The incoming American administration 
has emphasized its intention to put U.S. interests at, the 
center of its foreign policy,. 

. ' A fully coherent and integrated policy toward the tech- 
nological development of the developing countries no 
doubt must await the clarification of public attitudes to- 
ward the technological development of our own country 
^ It would clearly be useful'to build a consensus in this 
area, since the most important international technological 
issues vis-a-vife LDCs Jte but one aspect of a broader 
debate on the response'ol the United States to itS'inter- 

• dependence with the rest of the world This response 

t requires a, substantial effort to refurbish American com- 
petitiveness and innovative capacity, which in turn will 
require a major rethinking among •labor,* management, 
consumers, and the public An interesting step in jhis* 

"direction wa v recently taken by. the Etonomic i Policy 
Unit of the United Nations Association of the United 
States, in ills report entitled The Grow th of the U S and 
tylorld E< onomieS Through Te< hnoUigu a I % Intunutum 
and Transfer* 

The world of the 1980s' is small, interdependent* and 
fragile American security -depends on eeont mic stability 
and growth, "here and abroad, a diversified supply of ■ 
resources from many parts of the world, and preservation 
of the global environment. It also depends on relief of 
the. misery of poor people, development of productjve 
employment opportunities, and control of population 
growth It may well Be necessary to. redefine public and 
official concepts of the national interest, which Up to 
now have-tended to refer prjmanly to military and stra- 
tegic concerns, v % » 

%a * All of these goals require that LDCs build the tecfu 
« nological capacity to become full members of the inter- 
national community. Their technological development 
deserves' an important 'position on the foreign policy 
agenda of thVUnited States. American resources are 
plentiful and can readily be mobilized Although U S 
initiatives, have achieved major impact, they continue to 
fall far short of efforts that r should be undertaken in our 

own interest, , ' 
4 
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United States Agriculture in the Context 
of the World Food Situation > \ 



Svlvan H. Wittwer* 



INTRODUCTION AND BACKGROUND 

Agriculture is the world's oldest and largest industry and 
its first and most basic enterprise.' More tharf half the 
people in the world live on farms. Food is first among 
our needs. Events' oT the past decade have focused at- 
tention on a new element of national power and safety— - 
the control of vital resources, one of which is food. 
Renewable agricultural production will become increas- 
ingly important in resource bargaining. The potential of 
agricultural production as* a strategic resource interna- 
tionally and t within^ the domestic economy is under 
review. 2 ^ 

The renewabTlity of the products of agriculture comes 
as a result of ^farming the sun." Agriculture, through 
the production of green plants, is the only majoF industry 
that "j^ocesses"* solar energy. Green plants are biolog- , 
• ical sun traps. The aim of agriculture in cr6p production . 
is to adjust plant species toJocations, planting designs, 
cropping systems, and cultural practices to maximize the 
biological harvest of sunlight by green plants to produce 
useful products for people. Many products of agriculture 
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may be alternatively routed as food* feed, fiber* or en- 
ergy. Plants contribute to world food production 94 per- 
cent of the total edible dry matter by weight. Animals 
contribute 6 percent. Mpst animaJ products are derived 
in turn from plants. 

Achieving ,an adequacy and security of food sirpply 
for all people is both a humanistic goal and a mark of 
progress. This paper focuses on science and technology 
as they relate to these goals, which are by no means 
easily managed or predictable. In the mid-1960s, for 
example, a two-year drought in India and Pakistan 
brought catastrophic shortages of food. The trend w*as 
reversed by a green revolution in the late 1960S. Poor* 
harvests in 1972-1974, however, produced a new surge 
of despair. This was followed by a wave, of optimism 
in the late 1970s brought by surpluses j low prices, and 
record production. Finally, in the early 1980s, we again 
face prospects of worldwide shortages and runaway food 
prices. 

More than 70 percent of the current world population 
(4.3 billion) and 85 percent of the projected population 
.growth by the year 2000, are found in, the less developed 
countries. A large part (80 percent) of the absolute, as 
well as the relative, poverty is found in the rural and 
agricultural sectors. Many of the rural poor in developing 
countries are landless laborers or small farmers with ia- 
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sufficient land and caprtal to earn an adequate living from 
Farming. - f 

Several«hundre<Js of millions of people are chronically 
malnourished-More than half are children and more of 
the/ri are women than men.' Footf production must, be 
increased 'considerably in the future or food and r\utn- 
h<^na'l problems will become worse. According to the 
report (ff the Steering Committee for the World Food 
and Nutrition Study, 4 it will be necessary to increase 
food production by at least ^ to 4 percent per year be- 
tween now and the beginning of tnenwenty-first century 
for significant improvement to occur. , - 

These predictions are, sobering in view of the trend 
during the 1970s for yields of -the major food crops to 
reach a plateau both in the United States and in the rest 
of the world. Some of the possible causes for that leveling 
out have been outlined in the* literature on the biology 
of crop production/ Meanwhile, energy intensive Taun 
inputs have risen sharply and contjjhtje an upward trend. 
These are ominous signs because %e timetable for dou- 
bling of food production to meet estimated consumption 
in most developing countries allows only 7 to 10 years. 6 
The decades of the 1950s and the 1960s were truly the 
golden a£e for gains in American agricultural produc- 
tivity tFjgure 1). The yield fluctuations during the 1970s 
suggest that the consistent gains in the two previous 
decades are not likely to be repeated. . 

Increases in food demand-will come from both grow- 
*^g populations and increases in consumer incomes. The 
major force in the growing* commercial demand for food 




Figure 1 Composite Index of Crop Yields for the State of Michigan 
'(1880-1980) and for the USA (1910-1980). 

Note There was no consistent gain from 1880 to 1940. there was a precipitous r*e during 
the 1950$, and 1960s, and there was a tendency to plateau in the 1970s . * 
Source Author, with the assistance of Karl T fright. Professor Ementus of Agricultural 
Economics at Michigan. State University 
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is rising affluence. Expanded productivity pfcr unit land 
ttrea, per unit time/and per unit cost is the primary source 
for the projected ,'3 to 4 percent yearly production' in- 
creases needed. Thpse increases, accordingj[o the Food 
and. Agriculture Organization of the United Nations^ 
could come from a 28 percent expansion of arable land— 
withra progressively, decreasing portion in time — and 72 
percent from intensification of land use through higher 
yields and increasing the number of crops produced per 
year.' In contrast, ihe^Global IbOO Report projects that 
world food production will increase 90 percent over the 
30 years from 1970 to 2000. 8 It also projects that arable 
land will increase only 4 percent by 2000 and that most 
of the increased food output will have to come from 
higher yields. The key to sufficiently large and sustaining 
yield increases will be technological changer. , j ' 

The following scenario is likely. Larger populations, 
greater, affluence, ^nd increasingi) greater consumption ' 
of animakproteins will intensify pressures for'more in- 
tensive cultivation of available land. The pressure on 
land will be accentuated b> the relative scarcity ^f water 
as its use approaches the limit 'of potential supply The 
scarcity and expense of energy will then further aggra- 
vate the situation. A 

The challenge will be to "make two ears of corn or 
two blades of grass to grow upon a spot of ground where 
one grew before/' (Jonathan Swift in Gulliver's Tray*, 
els). This can be done by increasing traditional inputs, 
but at greater costs. The challenge will be to increase 
inputs at less cost, sTT that food prices can be maintained 
at reasonable levels. To achieve this policy strategy, one 
must take into account the resource inputs both natural 
(climate, land,, water) anefmanm^de (energy,, fertilizer, 
pesticides, human labor, machinery). Their costs, avail- 
ability, ano(renewability must also be taken into account. 

In the United States the development of labor saving 
technology has been 'a significant goal and achievement. 
Never have so few people produced so frmch. A farm 
. worker's production can be measured by the number of 
people, in addition to himself, he can feed. In 198Q, one 
farm .worker can feed, 60 other people; in 1970 he could 
feed 30 other people; in 1940 only 10 others; and in 1900 
K bnly*6 other people. The increased productivity per unit 
of labor input may be attributed td more extensive and 
skillful use of the resources of water, energy, fertilizer, 
and pesticides. It is also the result of better management, 
imore timely operations, and more efficient and produc-, 
itive equipment. Mechanization in the United States 'has 
enabled farmers both to carry out their field work on a 
timely basis and, at the same time, to allow for man- 
agement" activities. Mechanization in the. United States . 
has been a necessity because of the unavailability, un- 
certainties, and rjsing costs of human labor. In Japan 
r and sot»e other industrialized nations, where land, water, , 
and energy resources have been limited and labor more ( 
plentiful, mechanization has' not' been as prevalent/ In 
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these countries, yields are higher, but joutput per farm 
worker is much Jess. 

Thus, there are two general types of food production 
technologies for the future: 

• food production, based on a high degree of mecha- 
nization, with extensive use of land, w*ater, and energy 
resources, and little use of biologically-based / 
technology. ^ 

• food production based on biological technology, and 
sparing of land, water, and energy resources. 

The future will show a natWnal and worldwide shift from 
a re source -Abased agriculture to one based on biological 
and scientific technology The emphasis will be to raise 
output for each unit of resource input, and to ease the 
constraints imposed by relatively inelastic supplies of 
land, water, fertilizer, pesticides, and energy. 



REASONS FOR THE SHIFT TO .BlOlJOGIC ALLY- 
BASED AGRICULTURE •* ' 

ikuttan has pointed out that the shift to a biologically- 
based agriculture has already occurred during the first 
part of the^twentieth century in Japan and certain Eu- 
ropean countries. 0 Whereas the United States has fol- 
lowed a mechanical-resource intensive technology, Ja- 
pan has followed a biologically- and chemically\)ased 
technology which is sparing of resources Incentiwh for 
increasing yield technologies have lagged until gently 
in the United States, compared tb Japan and some Eu- 
ropean countries, because of the abundance and low cost 
of resources in the Onited States. ^But this situation is 
bound to change in the United States a^d elsewhere. It 
is projected that almost all future increases in food pro- 
duction will be a result of increases in yield (output per 
unit land area per unit time) and from growing additional 
crops during a given year on the same land. There are 
really no other viable options. t # 

Any new agriculiural technologies for the future will 
combine more dependable production and higher yields, 
and will emphasize Strategies which are more labor- 
intensive than capital-intensive, and w,hicK spare rather, 
than exploit resources. They mustj?e nonpolluting and 
scale neutral (adaptable to any size of farm). They must 
offer solutions to gJobal k food problems (Table 1), and 
increase the demand for underutilized labor resources'. 
Technologies 9% of this sort already exist. Some will be 
described later.' ' -a**^ 

One of the constraining myths in setting the food re- 
search and technology agenda for tfte future is th^behef 
that all we have to do is put to us^the technology we 
now have and all will be well.' This implies that we do 
not need more research but only befter dissemination of 
the results jqf research already completed. Nothing could 
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Table 1— Global Problems and Agricultural Productivity 

Poverty Population increase 

Inflation » Shortage of firewood 

Malnutrition Water-logging and salinixation 

Underemployment . l x Jrjperiainties of energy supplies 

Deforestation Toxic chemicals in the environment 

Soil, erosion Improving production and yield stability 

Changing climate Grain^food/energy conflicts 

Communication gap betueen agriculturists and policymakers * 

Uncertain responses of political institutions 

Source Author 



be farther from the truth. The »agricult uralr esearch es- 
tablishments — both pnv ate ly -supported and public — of 
America and other industrialized nations have focused 
on large-scale single crop or livestock operations and 
labor saving technologies that are intensive in capital, 
management, and resources. The changing cost of en- 
ergy, however < is undermining all our previous- assump- 
tions about the costs arid feasibility of increasing Agri- 
cultural production, and much of the technology of 
agricultural production as well. No longer, can we plan 
research programs patterned after the conventional ones 
or those of the past. 

We must now develop more diversified cesource- 
conserving technologies for agricultural production., 
, These technologies must maximize output for a . given ^ 
^set of inputs, optimize labor utilization, and minimize 
capital costs for dc^velopmeju. To be useful, they -must 
improve the economic conditions of farmers. Nations 
^with predominantly small farms must find ways of trans- 
mitting new technology to many farmers ThiM?laces a 
great responsibility not only on research programs, but 
also on extension and education. ■ 
• Environmentarissues will Become more important as 
more land, water, fertilizers, and pesticides are diverted 
to food production to force higher productivity. We' can 
expect greater use of chemicals as new technology are 
applied. The greatest potential for increases in fot^pro- 
ductionis in the developing countries^and it is irf just 
these countries* — mostly tropical and semitropical — that 
fertilizer needs are greatest and pest problems most acute. 

Conflicts in the use* of land and water resources for 
food, feed, or fuel production will continue as resource 
constraints intensify. 10 Toxicities from airborne materials 
and projected climate changes from fossil ft^el emissions 
will direct attention to the production and use of,renew- 
able resources. 

Food production is the chief user of our land and water 
resources. Toxicochemical in the environment, some of' 
them pesticides and fertilizers used for food production, 
have been declared hazards to human health and well- 
being. Debates win continue on issues of food safety^ 
deleterious effects of chemicals on fish and wijdlife and 
their habitats, endangered "species, and carcinogenicity. 
Although some people have tried, no one has yet clarified 
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what an environmentally sustainable set of agricultural 
prpduction technologies might be. We must address this 
issue with* more than just- debates that result in polari- 
zation. This will require a substantial research investment. 

Recent history is filled with apocalyptic prophecies of 
world hunger, famine, and starvation. The recently re- 
leased report of fhe Presidential Commission on World 
Hunger, fof example, infers tJiaMhe food production 
situation is worsening, and that we are farther from the 
goal of reducing hunger and malnutrition than we were 
in 1974. The report presents little evidence, however, 
to support this statement. 11 Other equally dismal reports 
ignore prospective scientific discoveries and remain 
M skeptical about major breakthroughs in production. The 
unfortunate consequence of this pessimism is^ that with- 
out hope^thcrc may be little action. Far from achieving 
scientific or biological limits, however, scientists have 
only begun to explore the capabilities for increasing food 
production. Basic and applied research can stimulate fu- 
ture^ governmental and private sector efforts to 'increase 
the stability of production and expand food supplies. 12 

Leadership for the resolution of food production prob- 
lems through research and technology will continue to 
reside with the United States. The United States now 
produces, consumes, -and exports more food than any 
nation in all of history. Sixty-one percent of the grain 
which crossed international borders in 1979 was grown 
in the United States. Agricultural exports for 1980 ap- 
proximated 41 billion and offset more than three-fifths 
of the cost of imported oil. Serious questions have been 
raised about whether the high U.S. agricultural produc- 
tion can be sustained, especially with the current massive 
resource in puts. The issue is whether continued, abun- 
dant, low-cost foodstuffs can be provided. 

U.S. AGRICULTURE AND THE WORLD FOOD * 
SITUATION 

Recognizing that there will be approximately 6.2 billion 
people on the earth by the year 2000, national strategies 
must meet increasing demands for improved nutrition 
and'piore animal protein, keep food prices reasonable 
for everyone, and lessert tensions among nations. The 
United States, with its vast human ahd natural resources, 
occupies a unique position OtTier nations no longer take 
U.S. supremacy in food and agriculture folgranted, yet, 
they continue to come to our doors in sekrch of new food 
producing technologies. The United States cannot and 
should not plan as a long-term policy to be the bread ' 
basket of the world. This would require an exploitation 
of land, water, mineral, and energyresources that neither m 
we nor the rest of the world can afford for long, if for 
no other reason than that the price for increasing inputs 
.will likely become prohibitive. The United States, more 
than any other nation, has already used up its geologic 



endowment. n Because it is energy intensive, long- 
distance, massive food transport, cannot be viewed as 
.a viable long-term alternative to producing food closer 
to the people who consume it. Several developjn&coun- 
tries already have **]pockets of success" which employ 
adaptive sets and combinations of western and domestic 
technologies. 

Great care and restraint should be exercised in us^ing 
food as a strategic resource. The effects are not always 
predictable, humane, or effective. As the recent grain 
embargo attempt with the Soviets shows, this kind of 
strategic use of food penalizes primarily — and perhaps, 
only — the poor and farmers. Nevertheless, adequate food 
supplies can alleviate unrest and tensions among nations 
and peoples. The U.S. food system faces both domestic 
and foreign demands that are largely interdependent 
Both the balance of payments and exchange of raw ma- 
terials for value-added goods among the United States 
and industrial and nonindustrial countries are crucial to 
the economies of all. Foreign demand.on the U S food 
system comes from two different sources, developed or 
industrialized nations and less developed countries Food 
.exports from the United States are now going primarily 
to the industrialized nations' and serve mainly to increase 
the availability of dietary animal protein. In the process, 
the less developed countries are being largely ignored 
It is 'not likely that this situation will change quickly. 
Such a global dichotomy will persist. 

The objectives of U.S. agriculture in the context of 
the world food situation should be to continue; 

• providing^ dependable, adequate, safe, anduutritious 
food supply for its domestic 'needs; 

• assisting both industrialized and developing nations, 
% through food exports; v * 

• sustaining a livable environment. 

Humanityian considerations/ alleviation of stresses 
among nations, marketing of surpluses, achieving a bal- 
ance if payments* and needed exchange of materials 
dictate these objectives. To achieve them, a reassessment 
of investments in U.S. food and agricultural production 
research and educational programs, which have pro- 
gressively eroded for.the past 13 years, will be required. 
The situation has 1 become even more critical during the 
past four years, since the U.S. Department of Agriculture 
(USDA) began elevating consumer ind nutrition con- 
cerns (food safaty, quality, nutritional content) to the 
highest priority, while deemphasizing food production 
and marketing research. 14 

THE U.S. AGRICULTURAL RESEARCH SYSTEM 

Food and agricultural research is managed differently in 
the United States than in other countries. State govern- 
ments, responding to the aggressive actions of research 



administrators and scientists at universities, are largely 
responsible for food and agricultural research. It is the 
state governments, not the federal 'government, which 

* provide the bulk (approximately two-thirds) of the 
money and human resources, establish their awn direc- 
tions, set their own priorities, develop the most inno-. 
vative approaches on research frontiers, and take the 
initiative in sponsoring foreign agricultural development 
programs 'This stands in marked contrast to research 
conducted in the defense, space, health, energy ,< and 
regulatory areas, which is. managed largely by federal 
agencies. ' 

While there has been a long standing partnership be- 
tween the U S Department of Agriculture and {he ag- 
ricultural experiment stations of the states, that bond is 
' slowly being eroded by a progressive subordination and 
^attrition of cooperative research within the federal \svs- 
- tern (One needs only to observe the offices they occupy^) > 
Research has not been a major mission within me U S. 
Department of Agriculture although some progress has 
'been, made during the past two years ■ More and more 
financial responsibility for food research is falling upon 
state governments ' '. * 

At the same time,, the federal agricultural research 
system is rapidly disintegrating Few vacancies are being 
filled and 40 percent of the career scientists are eligible 
for retirement within the next five years.' 5 The average 
age of Career scientists in the federal agricultural research 
f System is nbw 49 and increasing by a third of a year per 
year There are progressively feweF young scientists The 
system also has been subject to constant personnel at- 
trition; the scientific force having been reduced from 
3,300 to 2,850 during the past five years. Meanwhile, 
new waves of interest and concern — food safety,, envi- 
ronmental problems, regulatory constraints, human, nu- 
trition, exces^jve reporting — have been imposed on the 
research system Limitations on travel to professional 
meetings and on funds for operations, imposed by a 
budget which must allot up to 90 percent of the total 
financial resources to salaries, provide little incentive for 
bright young scientists to enter the system. 

The United States Agency for International Devel- 
opment (AID) suffers a similar shortage of agricultural 
scientists, with only about 300 full-time agricultural po- 
sitions now remaining. 16 This is shocking if we consider 

* that AID's fiscal year 1 979 budget allocated $669 million 
to agricultural development and nutrition. Thus, only 10 
percent of AID's staff is professionally competent to 

ile agriculture, which is 55 percent of its budget. 
>ince the early I#70s the purchasing power of federal 
support of agricultural research has been declining at the 
rate of 2 percent per year. Of all federal agencies, the 
15SDA with its cooperative support of state agricultural 
experiment stations has been the only one in the exec- 
utive .budget severely disadvantaged by cuts during the 
past three years Final outlays for agricultural research. 
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and 4 education in 1980 were 0.9 percent less, than the 
previous year, compared with an average 7 percent^gain 
in federal funding for other ty|^pf research and de- 
velopment. Less tHan 2.3 percent of the total federal 
research budget of approximately $30 billion was di- 
rected to food and agricultural research in 1980, while 
global outlays for total research and development for 
agriculture have averaged 3 percent. 1 ' We are letting our 
own national agricultural research system erode while 
other nations develop theirs. The Congress should in- 
tervene immediately to correct this situation> 

The United States and the world continue to under- 
estimate and demean the importance of investments in 
agricultural and food research. Viewed as an investment, 
with annual returns of 50 percent or more, agricultural 
research does not receive adequate support in the United 
States. Two causes have been suggested, first, the bene- 
fits of agricultural research spill across countries, states, 
and regions to those who do not pay for it, and second, 
benefits to consumers ojjfen are not apparent to them IK 

We should continuejefcencourage parallel efforts be- 
tween state and federal support of agricultural research. 
A decentralized system that addresses the needs of in-* 
dividual states will more than compensate for apparent 
duplication of effort. Any centralized system designed 
to achieve maximum coordination among states will only 
neglect specific regional alid" state problems, and will 
come at a high price. 

« Fund;ng*of food and agricultural research must include 
expenses for maintaining and replacing research tools, 
even when they are not currently being used. These tools 
include, flocks, herds, barns, feed, milking parlors, ma- 
chinery, field stations, land, orchards, crops, irrigation 
equipment, and greenhouses. Much of the 'formula 
(''Hatch") money traditionally allocated for agricultural 
research goes into the maintenance of this kind of equip- 
ment. As a result, critics repeatedly allege that agricul- 
tural research is inefficient compared to the competitive 
grant programs administered by the National Science 
Foundation (NSF), National Institutes of Health (NIH), 
or — under new legislation— by the USDA.'Even though 
indirect charges are included, these competitive grants 
do not pay the ever-rising maintenance and replacement 
"costs for machinery', cattle, orchards, crops, land, water, 
labor, and energy. University business offices, however, 
have seen to it that overhead charges from competitive 
grant funding pay for on-campus bookkeeping offices, 
lights, heat, and water. This means that agricultural re- 
search in universities requires-supplementary funding to 
survive. 

Agricultural research in the state agricultural experi- 
ment atartons is slowing down, riot only because prices 
rise while federal support Talk^but because facilities 
(laboratories, greenhouses, bams,"aTldvequipment) are 
woefully inadequate ahd outmoded. In addition, facilities 
remain cramped, because student loads have increased 
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three-fold in 12 years. Yet little federal support has been 
provided for renovation and improvement of facilities 
in 15 years, and none since 1970. 

Except for mainte^npe, as outlined above, requests 
for across-the-board increases for all agricultural re-* 
search disciplines are no longer convincing. The mes- 
sage, however, is clear: both competitive grant and for- 
mula funding of food and agricultural research should 
go up, but priorities have to be. set for not only the 
amounts but the kinds of research to be pursued. 



FOOD PRODUCTION RESEARCH PRIORITIES 

The food crisis of 19.73-1975 and the oil embargo have 
created new priorities for food and agricultural research. 
Future research will focus on ways of controllin^the 
biological processes that limit the productivity of eco- 
nomically important food crops and food animals. Re- 
search goals will 'also include more effective use and 
management of resources and other production inputs. 

The, national or international working conference 
model has been ^n effective means of establishing prior- 
ities in agricultural research. The best scientific talent 
with a r^nge of mterdisciplinary skills is recruited. Com- 
missioned papers on specified -topics are prepared and 
distributed to prospective participants in specified work- 
ing groups in advance of the conference. Affer a wee.k's 

* revision and further development during the conference, \ 
th^fesults are edited and published as proceedings'. An 1 
executive summary sets forth thfe priorities. " v 

Assessments of research priorities for the plant and 
animal sciences have been elaborated in an international • 
conference on crop productivity, 19 several reports of»the 
U.S. National Research Council — National Academy of 
Sciences, 20 a national conference on Animal Agricul- 
ture—Meeting Human Needf for the 21st Century, 21 and 
by the Office of Technology Assessment of the U.S. 
Congress. 22 The World Food Conference of 1976 also 
outlined research .priorities. - 2 - 3 A working conference 
sponsored*by the Agricultural Research Policy Advisory 
Committee of the state-federal system, established re- 
search priorities by a ballot system from a large number 
of participants. 24 The International Conference on Ag- 

* ncultural Production — Research and Development Strat- 
egies for the 1980s — issued recommendations for re- 
search and development in biological resources, ^soils, 
water, and energy. 25 Within the past three to five years, 
public and private agricultural and food research centers,^ 
from provincial to international levels, have .reassessed* 
and 'identified research priorities. These centers have 
sponsored long-ran^e pkinnjng seminars on the major 

/issues and trends of agricultural science and technology. 
From all of thesejff forts, a surprising unanimity has 
emerg< 




BIOLOGICAL RESEARCH AND FOOD 
PRODUCTION, 

Through>research,' scientists could develop technologies 
that wouldresult in stable food production at high levels. 
Thes6 technologies would enhance rather than diminish 
the earth's resources. They would not pollute the envi- 
ronment, or use large amounts of capital, management,' 
or nonrenewable resources. They would be scale neutral. 
Development of these technologies is of ,the -highest 
priority, and can be accomplished through biological 
research. Through biological research, we can take steps 
toward enabling plants and food animals to use pfesent 
environmental resources more effectively. Through bi- 
ological research we can achieve: 

(1) greater photosynthetic efficiency; 

(2) improved biological nitrogen fixation, 

(3) genetic improvements; . >, 1 

(4) more resistance to competing biological systems 
(weeds, insects, diseases); 

(5) more efficient nutrient and water uptake and utili- 
zation, and fewer losses from nitrification and de- 
nitnfication of ' nitrogen fertilizer applied in crop 
production; 

(6) alleviation of climate 'and environmental stresses 
(.unfavorable temperatures, soil moisture, and min- 
eral stresses in problem ^oils); 

(7) better understanding of hormonal systems and their 

-regulation. , * 

** • 

These ^technologies may release food production from 
•dependence on increasingly scarce fossil fuels 
ff Efforts to identify these important research areas have 
not resulted in expanded^esearch support^ but they have 
prompted changes in organization, administration, and 
funding o{i agricultural research at the federal level. A 
notable example has come with the initiation of the com- 
petitive grant program administered by USDA. This in- 
fant program which supports the first four of the research 
areas listed above, was initiated in 1978. Announcement 
of the $14-million program brought in more than 1,100 
^research 'proposals involving funding requests for more 
than $200 million. Available funds could support only* 
half the proposals rated as excellent Similar situations 
existed in 1979 and 1980. 
All of this has revealed one important fact. There is 

• enormous, talent waiting to be recruited for viable re- 
search programs related to the biological processes that 
control food production. Nevertheless, during the young 

* life of the competitive grant program, now in its fourth 
year, Congress has" consistently limited funding of the 
program to essentially the same level, denying the pro- 
gram even thoge increases needed to offset the effects 
of inflation. The minimal increase allowed has been eaten 



up in administrative costs/ The available human re- 
sources revealed by the number of applicants with ex- 
cellent prbject proposals r/eralds an opportunit^/ftr this 
nation to reassert the world leadership that it has abdi- 
cated in the area of food research. A policy which se- 
verely limits funding, /however, denies to .agricultural 
and food research programs the talents qf some of the . 
very best scientists in the nation. This cannot be rec- 
onciled with our tn/e national interest. It is time we 
opened the door of agricultural and food research to the 
nation's scientific expertise including that possessed by 
the private sector. 

The benefits of Support for the competitive grant pro- 
gram would be reaped by the developing countries as 
well as by the United States. Developing nations can 
share in the benefits of the new technologies we have 
already discussed — improved plant and animal genetics,^ 
increased phorosynthelic efficiency and nitrogen fixa- 
tton, as welly as protection against insects, diseases, 
v&eds, and adverse environments, These technologies 
can-free developing nations as welbas the United States 
from an ill-advised dependency on fossil fuel* for food 
production. /The research necessary to create these new 
technologies is adaptable to local conditions' and is rel- 
atively inexpensive. 26 \. " 

Benefn^from such research could be multiplied many 
times, and advances made by one nation could^e shared 
by others. Genetic -pools could be assembled, for ex : 
ample, so that nations could share information about 
known favorable components for disease resistance, en- 
vironmental stress tolerance, a superior "harvest index" 
(the portion.of the plant used for food), and acceptable 
Culinary ciaracteristics that can be adapted quickly to 
local need; and conditions. 

A particularly significant, yet neglected biological re- 
search area, is the alleviation of climatic and environ- 
mental stresses. The report of the, Steering Committee 
for the Nuional Academy of Sciences World Food and ' 
Nutrition Study, issued in l£77, deemed this as impor- 
tant as improved photosynthesis and biological nitrogen 
fixation, genetic manipulation, and^ protection against 
pests. Ths effects of climate and weather remain the * 
most significant determinants in food production arid 
^account, more than any other inputs, for instabilities in 
production from year to year and from Ration to nation. 

Stability of production is as important as the magni- 
tude ot production itself. Climate is probably a more ' 
Significant , determinant of food production than pests*. 
The droughts of 1974 and 1980, for example, caused far 
greater kisses of U.S. agricultural production than the 
blight wrjich destroyed 15 percent (or about 700 million 
bushels) of the U.S. corn crop in 1970. In 1974, pro- 
duction blummeted 20 percent for corn, wheat, and soy- * 
beans a$*a result of drought. In 1980, corn production 
fell 17 percent from 1979>or 1.3 billiop bushels; grain ' 
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sorghum 32 percent, feed grains IB percent, soybeans 
2\ percent; cotton 23 percent, and peanuts 43 percent. 

Climatic stresses'on world grain production were par- 
ticularly significant in 1980. Th<tf year? the composite 
index^T crop yields in the United States (Figures 1 -and 
2) dropped 20 percent because of drought and high tem- 
perature. Grain production fell off in the People's Re % 
public of China because of floods in the. south and' 
drought in the north. The Soviet Union witnessed its 
second disastrous year in d row because of marginally 
cold and dry growing conditions and adverse weather 
during harvest. Only in South Asia did production rise 
slightly above previous highs (Figure 2). These statistics 
suggest that world and U.S. grain stocks will be reduced, ' 
relative to utilization, to the Jowest levels encountered 
ir/two decades. 

A\substantial research effort aimed at improving the 
resistance of crops to stresses caused by interannual cli- 
mate variations is badl> needed. While potential prob* 
lerrjs of long-term climate change — for exampte,> frpm 
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figure 2 Patterns of World Grain Production in Millions of Metric 
<Tons (MMT). , \ 
i 

Nbtc. For the United Stites (USA). People s Republic of China (PRC), Soviet Union (USSR), 
and South Asia (S Asia) from 1960 to 1980 P/rtorbalions in the upward trends Ire pnmanly 
,a result of climatic and weather events The^treme vanations in the USSR result from 
millions of hectares of land that are marginally ctSd or dry The relative stability of production 
in China anti South Asia* results from a high pa&ntage of crop imgation Climatic stresses 
during 1980 will result >n a severe depleuon of fcfVin stocks and storage reserves 
Source U S Department of Agnculture. and personal correspondence 
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increasing levels of atmospheric CO : *-have received 

* considerable attention in recent years, problems of inter- 
annual climate vanation have been largely overlooked. 
Research directed at achieving greater production sta- 

/ bility through genetic improvement and crop and live- 

stock management is of high prioritVAThe USDA's com- 
petitive grant program must be expanded to accommodate 
this kind of research, and the Congress should respond 
accordingly. 

Some new research initiatives are als0 called for in* 
animal agriculture and its products. Three-fourths of the 
dietary protein, one-third of the energy, and most of the 
calcium and phosphorus in the U.S. diet come from 
animal produets. Food animals, such as ruminants, are 
living, mobile, protein factories that may survive and 
flourish on forages that ar$ indigestible for people. Food 
animals like swine and poultry use residues and byprod- 
ucts Trom food processing and from the polycultures of 
lakes and ponds that otherwise would be wasted. The 

* wortfffood reserves in livestock exceed those of grain 
, and are far better distributed. 

The feeding pf livestock in other nations is the catalyst 

* for much of the current U.S. world grain trade. Live- 
stock, not people, consume most of the corn, wheat, and 

• soybeans the United States ships abro&cjr Peoples of dll 
nations, developed and less developed, are striving for 

* more 'dietary animal protein. Research in animal agri- 
culture should focus on resource conservation, greater 

1 reproductive efficiency, andtasic studies on protein syn- 

thesis that would result in less fat and more ptotein in 
the final product. - 



HUMAN RESOURCES F0R AGRICULTURAL 
RESEARCH 

Consideration must be given to human resource 'needs 
for food and agricultural research and technology. We 
have already mentioned/ the serious loss of career sci- 
entists in the federal agricultural research system. Men- 
tion is often made of the lack of* social science inputs 
into the nation's agricultural research program. An.al-' 
most exclusive responsibility for agricultural research 
training programs in the United States resides with the 
land grant universities a few additional state unive'rsi- 
ties, the colleges of 1890, and the Tuskegee Institute, 
^tiese iaaflfutions trail scientists for re$eai*h in state 
. agricultural experiment stations, the USDA's research 
^programs, cooperativ^ state-federal programs, the pri- 
> vate sector, the foundations, and the international agri-. 
cultural research ceniers. The KMop l<md grant uni- 
versities, with enrol ments. of 100 or more foreign 
graduate students, hgve now produced 20,000 alumni 
helping to serve agr cultural researched educational 
needs in developing ( ountjies. These alumni are one of 
this nation has cultivated for con- 



m 

tributing to the* future role of U.S. agriculture in the 
. context of the world food situation. Most of the 10,000 
(o 12,000 U.S. agricultural scientists who receive public 
support, and an even greater* number from the industrial 
sector, plus many of the more than 600 senior scientists 
% in the international agricultural research centers are also j 
alumni of the U.S. laijd grant system.^ 

The human rfcource base^for scientific support of food 
research in the^Jnited States now has fallen behind the 
Soviet Union and the People's Republic of China. 27 In 
the United States, *shortagesf of trained scientists are 
emerging in agricultural etonomics, agrpndmy, engi- 
neering, and animal agriculture. The .United States can 
expect increasing demands, both -at home and abroad, 
vfor training and^aiding agricultural scientists These de- 
mands call for a review of the entire training program 
and raise serious questions about where international 
agrtfulturists^will come from! 2 * The National Science 
Foundation^ responsible for the health of science in the 
nation. It must reassess its role in supporting the" bio- 
logical, physical, and social -sciences in feSearch on 'food 
production and distribution; and in supporting foreign 
graduate students for training programs in agriculture 
and food production. t 



ERIC 



the greatest resources 



INTERNATIONAL AGRICULTURAL RESEARCH 
CENTERS * • * \ 

Globally, the most successful agricultural research es- 
tablishments are the inteftiational centers. They have 

^undertaken innovative research projects for enhanced 

' food production and other aspects of agriculture, and 
have prospered.- Annual fundingjor these centers (now 

'-numbering 13) has gone from Sl'O million in -1,969 to 
9 more than- $125 million in 1980, with $250 million pro- 
jected for 1984. The United States' continues to contrib- 
ute about 25 percent of their total budget whiqji, along 
with other sources of .income, is administered by the 
Consultative^ Group on Intejnatibnal Agricultural Re- 
search with advice and scientific input from itsTechnical 

* Advisory Committee. \ * 

Recent .congressional and administrative proposals are 
aimed at consolidating all foreign research and technol- 
ogy activities, along with many other programs, under 
a new International Development Cooperation Agency . 
(IDCA).'This agency would include the Institute for 
Scientific and Technological Cooperation.(ISTC), which 
would have a strong input from U.S. colleges and^uni- " 
^rsitiesl This institute would have responsibility for 
science and technology efforts in' developing countries 
relating to food and agriculture. The current Collabo- 

- rative Research Support Programs (CRSPs) would then.*, 
fall under the administration^ ISTC. * ^ 
An appropriate constituency has not yet been dfevel- [ 
oped either ijji Congress or in Jthe nation to support ISTC 
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or*expanded interifational agricultural 
grams.? 9 Approximately half ($50 m 
posed 1981 budget of ISTC would have 
nutrition, and agricultural «rograms in c 
primary foclis on cJevelopfing. countries, 
opiition, however, does not support federal prpg¥8j^|br 
food and agricultural research directed toward the deeds 
of other 'nations! 30 

. This lack of support is puzzling in view of the benefits 
we ourselves can derive from international involvement. 
^ Most of our major food crops and breeds of livestock 
'and much of our technology have been derived from 
otKer countries: 

• dwarf— high yielding— varieties of wheat and rice 
from Japan, ' , f t 

• soybeans 4 from China, ^ 

• N insect resistant wheat from Russia, 

• new genetic resources for third generation ti}bfid corn" 
from South America, ; ' »- 

• high vitamin A sorghum from West Africa,! - % 

• high protein* high .lysine wheat from Nepal, ( , 

• cattle jpore tolerant of heat, parasites,.and insects' from 
Africa and Asia. * ' 




These are by no 1 means the only benefits to betierived 
from other countries The production of Zebu (Brahma) 
cattle from the Asian subcontinent, has created an en- 
tirely new beef industry in the hi'gher temperature regions 
of the southern United States in less than 20 years* The 
most advanced genetic material for dwarf hybrid sun- 
flowers resides in the Soviet Union. Future collaboration 
with the People's Republic of China is expected to ipake 
available vast genetic resour^ in swine breeding, cereal 
grains, oil crops, and many yet undeveloped fruits and 
vegetables. The Chinese also have »much to offer in 
Azolla culture (green manuring through biological nitro- 
gen fixation) and hybrid rice production. 
^♦Congress should review carefully what is .emerging 
fnxn the 'Collaborative Research SuppQrt Programs 
(CRSPs) which are administered by the Bdlrd on Inter- 
national Food and Agricultural Development. Teams of 
U.S. economists and other social scientists are partici- . 
pating in interdisciplinary and inteAihiversity programs 
^omrrrkted to research design and implementation. They 
are collaborating on bot^basic and applied research with 
similar groups from developing couriries. The major' 
objective of such programs is'more effective resolution 
of a wide variety of staple food problems, including 
production, utilization, and, the socio-cultural impacts 
resulting from them. It is implicit in the CRSPs that 
research will emphasize technologies that do 'not exploit 
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i,^maj[ besignificant to U.S. agriculture as we move toward 
.^anrior$ resource-conserving lhode. o * * 

1 -It*is 2 expect?d that the benefits of the research will have 
a global impact incorporating U.S. interests, because we 
have been 'active in planning strategy from the outset. 
Established efforts involving collaboration among U.S 
ir^titutions, interriational researoK centers and commod- 
ltytnetworks, and national research centers include pro- 
grams on field beans/coWpeas, sorghum millet, small 
runr\inants, integrated pest jjianagement, and aquacul- 
ture. One of the most advanced of the CRSI? efforts is 
the field bean/cowjjea program wh^h has locations out- 
side the United States, including 12 research institutions 
in Uatin America and'East Africa and two international 
agricultural research centers. The program involves ten 
U.S. universities and brings together many disciplines, 
iViclucjing agronomy, botany, genetics, plant pathology, 
-entomology, food science, human nutrition, medicine, 
\ and. social science. Managed b> 'Michigan State Uni- 
versity and guided thus far by a sociologist and a plant 
fcrepder, the program's initial contract calls for $16.7 
milhorTfor a 1ftfe yea* period. 

Challenges ahead for the CRSj>s will be to seek fund- 
ing ||khe federal level for up to 50 percent of the U.S. 
investigators* time. The current support levelof -abQuf 
It) pereeto is disprpportronate for the managing institu- 
tion and cannot survive. There should be an effort to 
train* counterpart scientists in the developing countries 
and to promote regional centers for training intermediate 
level technicians and extension personnel, both men and 
women. CRSPs can help bridge the gap that now exists 
"between intppgetianal agricultural research centers and 
national pipgramsrlfhey can help develop and hold to- 
gether global research teams on specific problems. 
ThrougrUmese collaborative efforts it is hoped thufrec- - 
ogflitfcpf will be^gtven to inpurs from cultures where the 
sorptions are to be ijsed. Manypeasant farming practices 

•e also worthy of researchr'and some may have useful * 
applications' for U.S. agriculture. 

The rSle of the international agricultural research cen- 
ters is under constant review, 11 and should go beyond 
inputs trom the Consultative GroupRMi International 
Agricultural Research. .Major early breakthroughs, such- 
as occurred with dwarf types of wrfeat and rice, char- 
acterized their early development. Gaps now 'exist be- 
tween the international centers^and national agricultural 
research centers. To bridge these gaps will require closer 
collaboration in the' future between the two. The inter- 
national agricultural research centers are not yet truly 
international, because much of the world is not a part 
of the netwefeks either as contributors or recipients. The 
international agricultural research centers also exhibit 
and exercise^Regree of research affluence (higher sala- 
ries* benefits, equipment, supporting personnel, travel 
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resources, pollute the environment,, or depend on large 

energy inputs. Biological solutions will be emphasfzed,^^p{x)rtunities) t not typical of tlje countries in which they 
yherever possible, over reliance on costly and possibly are located. Itjs unlikely that any of these problems will 
polluting agricultural chemicals. This kind of research be overcome soon. 
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It is recognized that the international agricultural re- 
search centers have, in some instances, upgratie'd .na- 
tional agncultural. research centers. The National lnsti- - 
tute for Agricultural Research in Mexico is a goQdf 
example. * * V * 

* Emphasis in the future should be on the greased 
support and development of national agricultural re- 
search centers.. Most food production problems are re- • 
gional and solutions must be localized. There is a move- 
ment toward this with the establishment of the International 
Agricultural Development Service and the International 
Service for National Agricultural Research ;the most re- 
cent* memfcer of 'the international agricultural research 
network > 
It i.s further recommended that the Consultative Group 
International Agricultural Research take the initiative 
in establishing two international research centers for for- * 
estry. One center should be located in the tFopics. with 
Brazil. Indonesia, or' Africa as possible sites; t]ie other 
in the temperate zones of either North Americ^jpr China. 
Attention should be given to.enhancement of forest pro- 
Muctivity through genetic improvement and manage- 
ment Special emph^is woufd be given to biomass ifs 
a renewable energy resource, reforestation and control 
of soil erosion, trees and their products as food resources, 
and the technologies of agnforestey utilizing species that 
have biological nitrogen fixation. capabilities 

CONCLUSION 

The United States cannot indefinitely serve as the bread- 
basket of the world. Food production and its delivery \ 
along with fossil fuel, energy will become increasingly 
expensive, and-at times both food and energy will'be 
scarce. Agricultural development must precede eco- 
nomic development. Ultimately, the answer will dictate 
that food be produced closer to the people who consume 
9 it. To this end, there are notable examples of successful 
' food producing systems in- the agriculturally developing 



world. Sam&'of*them are summarized in Table 2 The 
technological, social, economic;' and resouVce ingredi- 
ents that fiave gpne intolhese packets of success 'should 
be identified and shared with other nations where 'their 
adoption could prove equally fruitful. 



f a bl e 2— Poctets of Successful Production in Developing world 
Agriculture 



Projects 



Accompli sh'rnenrt 



Grain Production in JndiaS 
Punjab - 

Rice Production inXolombia 



•Wheat Production in Tyrkcy 



Hybrid Rice in China 

* > * 

Hybnd Cotton In India 

The White (Milk) Revolution 
1 in the Gujarat-State of India - 



The Puebla fMaizc) Project in 
* Mexico 
' The Comilla Project of Hast 
Pakistan ( Bangladesh ) 

The "Masagana 99" Project in 
the Philippines 

Maize in Kenya 



Hybnd Maize in the U S. 
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A -Vfold increase in gram ^ 
4 production in 10 years frohi 

1965.. to 1975 
Yields rose trom I 8, fc> 4 4 

tons/hectare from W65 to 

1975 

Increase in production^ rom 7 . 
to 17 nullion^bns from 1961 
to W77 

30 to 50" percent yield increase 
(labor intensive high yielding 
technology) 
fields doubled (labor/mtensive 

high yielding technology) 
Daily cash income, improved. % 
nutrition, labor intensive 
technology for .W.QOO-small 
farms 

Yields increased b> "*0 percent ~ 

frqm 1968 to 1972 ' 
Rice yields and incomes of 

farmers doubled trom 1963 , 

to 1970 
Rice yieldsnncreased bv 36 

percent in 3 years trom 1973 
■ to 1976 

•Hvbnds and fertilizer and 
management increased yields 
4 8 tons/hectare 
3 5 fold increase in >icld from 
L940 to 1979 



Source Author, and S Wortrrun and R W Cumming* Jr T<> Feed This W«rM The Chat 
- leye and the Strareg\ (Baltimore Johns Hopkins UnivcrMt> Pros 1*) 7 K) pp I8fr-2W 
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; 9 Trends -and Prospects in World Population 



Mifhael S. Tditelbaum* 



.INTRODUCTION 

Population trends form the basic substrate of concerns 
about resources and international comity over the comyig 
decades. The Jinks between population change and the 
other matters under discussion here often are not single 
and direct, but instead are mediated by a broad array of 
political, technological, and economic factors. The ex- 
traordinary force of recent population change, however, 
should not be minimized. Present trends have no prece- 
dent in human experience in terms of current population 
size, percentage rates and lajptflute size of increase, and 
ultimate projected population size. Hence projections 
into the future, apart from the normal limitations of all 
projections, represent leaps of faith into population ag- 
*gfegates that are off the scale of experience. 

RECENT POPULATION TRENDS 

This is not the place for an introduction to demography 
of for a lengthy review of recent population trends^but 
a brief summary is ip order. r Three components of popu- 
lation change are central — fertility, mortality, and mi- 
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gration. Each of these components is measurable (with 
greater or lesser accuracy), and each has distinctive ef- 
fects upon the characteristics of human populations on 
«a global, national, and subnational basis. 

The post-war period has seen substantial, sometimes 
dramatic, mortality declines in both developed and de- , 
veloping countries. In developed countries. tttere have 
also been more erratic changes in fertility patterns, with 
most, showing post-war recovery from the recorii-lofo 
fertility levels of the 1930s (the sp-called Baby Boom 
in the United States was an extreme example). The postr 
war recovery was foljowed almost universally by rapid 
fertility declines in the l*960s and- 1970s, reaching levels 
that are now frequently lower even than those of the 
1930s. 

A different set of patterns prevailed in the developing 
countries., In $ome countries, notably China, Taiwan, 
the Philippines, Tunisia, and Colombia, mortality de- 
clines have been followed by substantial fertility declines 
during the 19605 and 1970s from previously very high 
levels. In other countries, such as Bangladesh; Pakistan, 
and Egypt, fertility has declined .little, if at all. Instill 
other countries, such as Kenya, fertil i ty^appare ntly has 
increased dramatically. The overall result has been ac- 
celeration in population growth in much of the devel- 
oping world, followed by modest recent declines in 
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growth rates in some areas. The experience.over the past 

three decades may be_seen in Table l._ 

The world's population increased by 1.9 billion, pr, 
over 75 percent, in the three decades from 1950 to 1980, 
as Table 1 indicates. The annual rate of increase was at 
, a* then-record level of 1.77 percent in the 1950-1955. 
period, 'but actually accelerated sharply in the ten years ( 
to 1960-1965, peaking at 1.99 percent (Ifcble 2). This m 
was followed by a slower decline in the rate of increase, 
. to-a level of 1 .8 1 percent in 1975-1980-lower than the 
{Teak rate, but still higher than the 195,0-1955 
quinquennium. 
* fiecause the higher percentage rates of economic 
growth, inflation, or interest are giore familiar than de- 
mographic rates, it is important to keep recent population 
growth rates in a proper demographic perspective. Sus- V 
tained annual population growth rates of 1.8 to '2.0 per- 
cent have never before been seeitfor the world population 
as a Whole. Because of cbntinuous*"6ompounding, they 



imply a doubling of world population every 35 to 39 
years. They fit within a frame in which the theoretical 
InaximunT growth rate— assuming excellent mortality 
conditions and no restraint on fertility— is on the order 
of 4.0-4.5 percent. (By contract, inflation and interest 
rates presumably have net upper bound.) 

There is reason for concern that' the fertility declines 
of thp past J 5 years have been widely misinterpreted as 
Evidence that problems of rapid population growth have 
'been resolved!- The achievements in fertility reduction 
in the 1960s and '1970s were jsignificant.indeed, but so 
were the achievements in mortality reduction. As a result 
growth rates declined only modestly, from about 2 per- 
cent to about 1.8 percent. The problem of high popu- 
Jation growth rates has not been resolved in the past 
decade. Rather the trend has reached a point of inflection. 
The rate of increase itself is, no longer increasing, but 
instead has declined modestly, though remaining at ex- 
traordinarily high levels by all past human experience. 



-Table?!— Population (millions) in the Eight Major Areas of the World. 1^50 to 2000 



Year 



Wdrld 
— * 



AfhWV 



Latin 
America 



Northern 
America 



.East 
Asia 



South 
Asia 



Europe 



Oceania 



1950* 
, \9SS : 
.1960 J 

1965^ f 

1910 * 

1975 

1980 

19&5 
1990 
1995 
2000 



2513 

2745 " 

3027 

3344 < 

3678 

4033 

4415 

4830 
^5275 
^5733 

6199 



219 
244 
275 

i\v 

354 
406 
46/ 

545 
630 
726 
828 



164 

187 

' 215 
247 
283 
323 
368 

421 
478 
541 

608 



Estimates 

673 v 
• 73S V 
816 
8^9 

9% 
1063 
1136 
Projections 
258 1204 
270 • 1274 
281 * 1340 
290 ' 1406 



166 
182 
199 
214 

226 
236 
'246 



706 
775 
867 
979 ' 
1111 
1255 
,1422 

1606 
1803 
2005 
2205 



392 
408 
425 
v 445 
460 
474 
484 

492 
501 
510 

: 520 



13 
14 
16 
18 
19 
21 
23 

24 
26 
28 
30 



Not* Trends ale given as they were assessed in I978M980 data arc projections from rmd-1975 data, but ma> be 'viewed as test available Estimates for 198CT 
Sourcei W. Paker Mauldin. "Population Trends andlfeqxel." Science, vol. 209 (4 July 1980), p 156 ^ ^ 
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Table 2— Average Annual Rate of Increase (percentage) m ihe Eighl Major Areas of ihe World, 1950-2000. 









Latin 


Northern 


East 


Year 


World 


Africa 


America 


America 


Asia 










Estimates 




1950 to 1955 


1.77 


2.16. 


- ^2.72 


L80 ' ' 


„ 1.85 


f 1955 to* 1960 


1.95 


2.36* 


2.78 I 


1.78 


1.99 


• I960' to '1965 


1.89 


2.49 


2.77 | 


lio 


*94 


196$ to 1970 


1.90 


2.61 


2.67 ' 


l.n * 


1.75 


1970 to 1975 


1..84 


2.71 


* 2.64 


0.87 


1.62 


1975 to J 980* 


1.81 


2.91 * 


2.66 


0.83' 


1.32 










Projections 




1980 to'1985 


1 80 


2.97 


2.65 ' 


0.96 J 


L.16 


1985 to 1990 


'1.76 


2.93 


. 2.58 


0.91/ * 


1.14 


1990 to 1995 


1.66 


2.81 


2.46 


0.76* 


1.01 


1995 to>2000 


1.56. 


f.64 


2.34 


0.61 


0.95 



South 
Asia 



Europe Oceania' 



1.80 
2 24* 
2.44 
2.52 
2.45 
2.49 

244 
'231 
*2.13 

1.91 
— j — 



0.79 
0.84 
0.90 
0*6 
0.61 
0.39 

0.36 
0.35 
0.37 
0.38 



2.25 
2.18 
2.09 
1,96 
1.82 
1.47 

1.41 • 
1.37 
1.30 
1.19 



. ERLC 



Note: Trends are jiven as they were assessed in 1978. lysu aaia are pillions >rom miu-i^j u*u. ™\ « 
Source: W Parker MauWin, ••population*Trends and Prospects." Science, vol. 209 (4 July 1980). p 156. 



4 



123 



Soviet 
. Union 



180 
196 
214 
231 
244 
254 
267 

280 
292 
302 
312 



Soviet 
Union 



r 

I- 



1.71 
1.77 
1.49 
1 09 
0.84 
0.94 

0.94 
0.85 
0.70 
0.64 



Furthermore, it must be noted that the absolute size of 
population growth is as important as percentage increase,' 
and here a few numbers illustrate the uniqueness oAhe 
past decades. The population of Asia, alone in 1980 
(2 558 billion), for example, is larger than the entife 
world population in 1950 (2.513 billion). A population 
of 730 million— about as large as the combined 1980 
populations of Northern America and Europe (excluding 
European portions of the Soviet Union)— was added to 
the already existing population of South Asia in only 30 
years (an increase of 716 million from 1950 to 1980). 
Many similar comparisons could be made to illustrate 
* the extraordinary demographic experiences smce World 
War II. w 
• Table 2 provides a useful retrospective view of re- 
gional growth rates Africa arid Asia show clear patterns 
of accelerating growth rates in' the 1950s and 1960s, 
while the other regions were more mixed. Since the 
1960s most regions have experienced substantial declines 
in their rates of population increase. The very latge re- 
gion ofcSouth Asia, however, shows no such decline, 
ahd the smaller region of Africa shows a rapid and con- 
tinuing increase in rate of increase right up to the present. 

The third population change component — migration — 
appears to be of large and rapidly increasing magnitude. 
^ There have been, over the past decades; increasing move- 
m ments within countries from rural to urban areas. In the 
developing world uVban growth rates are about twice as 
high as the already high national growthWes. These 
rapid growth rates suggest unprecedented urban agglom- 
erations appearing over the coming 20 years. 

International migration, including legal or illegal, po-** 
I' litical or economic, temporary or permanent, has also 
grown rapidly. Both internal and internationalmigration 
have important, if elusive, implications foPissues of 
resources and international relations. Movement of rural 
populations from subsistence economies to more energy- 
intensive urban areas, for example, presumably implies 
. higher per-capita energy needs. Similarly, large migra- 
tions from developing countries to developed countries 
suggest greater overalh demand for food, mineral re- 
sources, and energy., ^ 



* POPULATION .TRENDS IN PROSPECT 

It' must be freely admitted that population projections do 
not predict, but rather represent the logical implications 
of £ssumed future-trends in fertility, mortality, and mi- 
» gnrtion. Population trends, however, are relatively stable 

as compared to the political and economic, due to a 
, three-part, built-in inertia in demographic change to the 
^ year 2000. First, the majority of persons who will be 

living then anplready alive; second, human reproductive 
behavior changes relatively slowly; and third, high fer-* 
* % , tility generates a youthful population with strong mo- 
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mentum for continued growth over many decades. As 
a resulf, the demographer can predict trends with rea- 
sonable accuracy ovetseveral decades, though not much 
beyond, projections of population change to\he year 
2000, in contrast to those for economic or political 
change, have Considerable plausibility barring unpre- 
dictable catastrophes. 

The conventionally accepted multinational population 
projections are those prepared periodically, by the United 
Nations Population Division, others are available fronj 
the World Bank and the U.S. Bureau of the Census. 
Given demographic inertia, available projections to the 
year 2000 are broadly compatible. Th£ medium vanant 
of the widely accepted United Nations projections is 
summarized in Table 2. It shows a projected gradual 
decline in world population growth rates gf about one- 
quarter of one percent, reaching 1.56 percent overall in 
1995-2000. At the same time, the rapidly growing pop- 
ulation base means that the numbers of people added 
each year will continue to grow — to about 90 million 
additions per year in 1995-2000 vs. about 75, million 
annually in 1980, despite the projected decline in growth 
rate. # 

The three variants in United Nations projections show 
a total world population in 2000 of 5.9, 6.2, and 6.5 
billion. Most other projections cluster around 6 billion. 
Aga"in using the medium vanant, overall growth of 40 
percent (1.78 billion) is 1 projected, with regional in- 
creases of 77 percent in Africa (359 million), 65 percent 
in Latin America (240 million), 55 percent lp South Asia 
(783 million), 24 percent in East Asia (270 million), 18 
percent in Northern America (44 million), I7percent.in 4 
the Soviet Union (4'5 million), and 7 percent in Europe 
* (36 million)*. 

The momentum of population growth in the devel- 
oping countries is likely to continue, although projec- 
tions beyond the year 20()0 are quite speculative. No one 
can anticipate the course of fertility change lnvh/gh fer- 
w 6lity regions of South l\sia and Africa, v wher 4 fertility 
has not yet begun to decline. For this reason, and because 
catastrophes are possible but unpredictable, there is some 
consensus as to the plausible range but none as to the 
ultimafe size of the world's pppulation. Assuming ,no 
serious mortality increases or widespread disruptions, 
projections vary from 8.5 billion to 13.5 billipn or even 
higher. The lower bfcimd assumes, unrealistically, that 
the world as a whcfle will reach replacement fertility; 
approximately the two-child family, within 20 years. 
The projection of 13.5 billion assumes replacement fer- 
tility in 2040-2045. r w % 

Recentvxrends in urban growth, as we have already 
Rioted, suggest future urban concentrations unprece- 
dented in human experience. The United Nations re- 
cently published revised projections of urban populations 
up to the year 2000. The projection approach is * 'state- 
of-the-art/ • but' the authors note that the magnitudes 

1 O f . ' ' * 
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projected go beyond our experience and may not prove 
reasonable if human agglomerations of stich size cannot 
be sustained. Despite this appropriate caveat, the pro- 
jections are instructive (see Table 3). • ' 

The projections show five cities- larger in 2000 than 
the largest human agglomeration ever experienced. 
Twenty-year increases of between 75 percent and 131 
percent are projected for seven cities in developing coun- 
tries, including Mexico City, Sao Paulo, Beijing, Rio 
de Janeiro, Greater Bombay, Calcutta, and Jakarta. As 
the United Nations staff notes, some of the projected m 
numbers, e.g., the 31.0 million for Mexico City, may 
not be attainable due to water supply problems, destruc- 
tion of tree cover, transportation difficulties, and other „ 
4 4 natural or social limits to growth." 3 

Whether or not such magnitudes are attained, the 
growth of cities in many developing countries seems 
certain to bb rapid, with consequent stresses on'food and 
water supply, building materials, energy, and so on. 
There are also likely to be repercussions for poetical 
organization and stability. 

In the developed countries, with fertility already very 
low and the bulk of the population already using con- 
traceptives, speculations about the future beconie more 
hazardous. United States fertility in the 1980s is expected 
to stay low by some experts 4 and by others 5 to rise dra- 
matically. In the 1930s in Europe, fertility as low as that 
in much of the developed world today produced exag- 
gerated alarms about national decline that culminated in 
a profusion of pronatalist policies. Similar policies in 
much of Eastern Europe in the 1960s sometimes led to 
coercive childbearing, as t|ie means of voluntary fertility 
control were denied. Whether such extremisj responses 
occur, as for most political behaviors in the future, can-^ 
not be reliably predicted. 

If fertility does stay low, and international migration 
is moderate, we can /predict demographic effects with 



Table 3— Projected Population Increases in Major Cities, 
1980-2000. 



—rr 


Projected 


Estimated 






Pop. 2000 


Pop. 1980 


Change/ 


City/Region 


IMtMions) 


(Millions) 


% Increase 


Mexico City ^ 


31.0. -\ 


- 15.0 


+ 107% 


Sao Paolo t 


25.8 


13.5 


+ 91%' 


Tokyo/Yokohanja 


24.2 


20.0 


+ 21% 


New York/N.E: 








New Jersey 


22.8 


20.2 


+J3% 


Shanghai 


22.-Z-. 


14.3 


+ 59% 


Beijing (Peking) 


19.9 


11.4 


+ 75% 


Rio de Janeiro 


UP.O 


. 10.7 


,„+78% 


greater Boqibay 


17.1 


. 8.4 


+ 104% 
/ +90% 


Calcutta . 


16.7 


8.8 


Jakarta ^* 


16.6 


7.2 


/ +131% 



Scarce: United Niixms PopuUuon Division, Qrban. Rural and City Population, 19SO-?m. 
as Assessed in' 1990. ESA/P/WP.66 (3 June* 1980). p. 38. 



considerable accuracy. There will be a gradual increase 
in the average age of the population of such countries, 
and a shifting of the dependency burden'' from non- 
productive chjldren of school age> to non-productive 
adults of p(?st^retirement age. As a result, fhore national 
resources will have to be allocated to the larger elderly 
group, and fewer jo the smaller young group.' 



LINKING POPULATION TRENDS TO OTHER 
PROBLEMS 

Population trends underlie all of the other problems under 
Consideration here, though the links are not as direct or 
unmediated as sometimes claimed, the linking of pop- 
ulation growth toVood shortages has a long and contro- 
versial intellectual history, dating .back at least to the 
essays of the Reverend Thomas Robert Malthus in the 
first half of the nineteenth century. In retrospect, we may 
conclude that Malthus' concepts were partially correct, 
but his predictions quite wrong. Technological and other 
improvements have allowed food production to more 
than keep up with the unprecedented. growth of worfd 
population. Yet iirprinciple, population cannot continue 
to grow indefinitely in a finite world, and signs of re- 
source shortages and environmental stresses are already 
apparent. 

Several theoretical efforts have been made to calculate 
the maximum hi/man population sustainable * by the 
world's agricultural resources, but such calculations 
often are highly stylized— even mechanistic. They con- 
sider arable land availability on a global basis, whereas 
in fact land is available only within sovereign nation 
states*. They adopt idealistic assumptions of high average 
agricultural productivity, equal distribution of world 
food supply, and a worldwide diet equal to that Qf Japan. 
They take into account no regional limits on water sup- r , 
-plies or difficulties in moving 'surplus water from one 
region to another, no political or economic limitations 
on world commerce, and no shortages #f energy or fer- 
tilizer supplies. In short, these calculations contradict 
reality in fundamental ways. At the same 4ime, their 
realism content is enhanced by their assumption of no 
dramatic quantum improvements in agricultural produc- ' 
tivity. Were, such, complete^ unpredictable improve- 
ments to occur, they would counterbalance ttfe unreality 
of the other assumptions. 

The most recent effort to project population trends in 
relation to global resources is the Global 20§0 Report 
to the President, produced by the Council on Environ- 
mental Quality, This three-year project sought to inte- 
grate a series of projections in various related sectprs up 
to the year 2000, including: climate /technolpgy, food 
and agriculture, fisheries, forestry, wafer, energy, fuel 
minerals, nonfuel minerals, and environment. The en- 
terprise presented enormous technical and data problems, 




and its authors tfere forthright in admitting that they 
were only partially successful. In particular, they were 
unable in the time available to them to make the -Carious 
projections ftrtiy interactive, so that changes in one sector 
could have full feedback effects in the other sectors. The 
report's authbrs conclude that the overall impact of these 
deficiencies is to ''understate the severity of potential 
problems the. world will face as it prepares to enter the 
21st century Jl 6 

Despite these deficiencies, the Global 2000 Report 
presents some interesting findings. It ribtes correctly that'*' 
the momentum of population growth means that only 
moderate differences in population size by the year 2000 
are possible depending, on* the course of fertility in the 
coming two decades. The report makes the following 
projections ( 1 ) Gross National Product (GNP) will grow 
more rapidly in developing countries than in developed 
countries (2) Because of the lower starting point and the 
more rapid population growth in ^developing coun- 
tries, however, per'capita GNP increase in these coun- 
tries will remain very modest in both absolute and rel- 
ative terms (3) Some developing countries, especially 
in Latin America (and presumably some OPEC' nations), 
will improve significantly in pfcr capfta GNP, although 
others will make few if any gains from present low levels. 
(Increases in India, Bangladesh and Pakistan, for ex- 
ample, are projected at 31%, 8%, and 3% respectively, 
witkall three countries remaining,below $200 per capita 
in 1975 dollars.) 7 As a result of /hese- trends, the report 
projects increasing per capita income disparities between 
the wealthiest and the poorest nations. 

With regard to food supply, the Global 2000 Report 
summarizes its alternative projections with the cheering 
proposition that food production can continue to slightly 
/ exceed population growth up to the tu/n of the century^ 
assuming no deterioration in climate or weather condi- 
tions. To achieve such growth, however, food produc- 
tion will requirelncreasing inputs and technologies of 
a yield-enhancing, energy-intensive nature such as fer- 
tilizer, pesticides, herbicides, and irrigation. Such in- 
creased energy dependence of agricultural production has 
significant implications for the cost ofjood production, 
and the rej>prt projects a substantial increase in real food 
prices ov^r the coming two decades, aftet decades of 
generally falling prices. Food production em consump- 
tion is projected to' continue to be highly varied among 
the world's regions and nations, with rising food output 
of developing nations barely keeping ahead of rapid pop- 
ulation growth. Furthermore, the highfpercentage of in- 
come already spent on food by hundreds of millions of ^ 
people in poor countries'suggests disturbing implicative! 
were the report's projected sharp increases in real fobd 
prices to- take place... ? . 

Two points deserve comment here. First, 'in many 
developing countries government policies seriously impede 

increased food, p/oduction. In some countries, devel-' 
- / \ 
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opment policies^ provide direct or indirect subsidies 'to 
nonfpod. production, but deny credit and other needed 
resources to food producers. Other countries use price 
controls on food products to keep urban consumer prices 
low and thereby stabilize the political structure; but such 
well-meaning controls may also produce losses forfarm- 
ers and encourage rural-to-urban migration. Coupled 
with, rapid population growth and unfavorable climatic 
trends, such policies have led to declines in per capita 
fjpod production in some developing countries over re- 
cent years, especially in Africa. 

Second, it may be reasonably argued that global fig- 
.ures on food production are misleading, because the 
overwhelming bulk of food production is consumed lo- 
cally. Efforts by the Food artd Agriculture Organization 
to build a world food reserve have not yet succeeded, 
and even the large volume of international trade in food- 
stuffs constitutes only a small proportion of total food 
production. Hence, the primary goal of policy and tech- 
nological innovation must be enhanced food production 
within the countries where demand is increasing rapidly, 
with international trade providing only marginal or 
emergency supplies. 



LINKINjG OF POPULATION TRENDS TO 
INTERNATIONAL SECURITY ISSUES 

The AAAS Five-Year Outlook project mandates consid- 
eration of the relationships between population trends 
and international security issues. The literature onih- 
terriatioftal relations contains a number of common hy- 
potheses which oversimplify this complex issue: 
* • 

• The larger a nation's population, the greater its actual 
or potential po^ver. 

• Population .gjfj|sure on natural resources contributes 
to pressure forlinternational aggression to obtain ad- ' 
ditional such reslwircesT. 

• Nations with excessive population densities seek* M liv- 
ing space" or * 4 elbow room" via 
aggression. 8 



international 



Empirical analyses of international conflicts do not 
support most of these hypotheses. In general^ population 
size and density appear to be underlying factors that\nay 
or may not contribute to international conflict. Much 
depends upon mediating political, social, and economic* 
factors, including -stability of national political struc- 
tures, *distribution^ of availableiresources, technological 
and capital base of the nation, human capital available, 
and patterns of consumption. 

On the other hand, it is a truism that nothing can grow 
infinitely in a finite world. If population growth contin- 
ues, it eventually will exceed the social, ecojiomic, and. 
political capacities of some nations. Hence, a summary 
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assessment might be that eventual restraint on population 
growth is not a sufficient condition to assure internal and 
international stability, but that it is a necessary condition. 

Problems of international conflict often are generated 
by internal instabilities within nations, as recent expe-' 
nences in the Middle East demonstrate. Hence, it is also 
important to consider the effects of population change 
on internal stability as it relates to international' relations. 
In this regard, several demographio^ends demand at- 
tention. The first is the unprecedente3japidity of de- 
mographic change in many developing countries: si nee 
World War II. A nation with a very substantial resource 
base may be able to support a much larger population, 
but if population size increases very dramatically, the 
rate of increase rather than the population size itself may 
contribute to instability. 

A second component of high fertility is the distortions 
in the age composition which it engenders. High-fertility 
populations are also youthful populations, with typically 
45 percent or more of their populations under the age 
of 15. Apart from the obvious problems such a concen- 
tration of young people presents for educational and other 
age-related services, such a steeply sloping age structure 
implies a very rapid growth in entrants into the labor 
force each year. The International Labour Organization 
projections, for example, show increases of 600 to 700 
million in the developing world's labor force in.the next 
twenty years alone. To put these numbers into perspec- 
tive, such an increase over two decades is larger than 
the entireM980 labor force ©fthe^ whole of the developed 
world. 9 In many _deyeloping countries ^lready exper i- 
encing very high , rates of unemployment and under- 
employment, such a rapid growth of young labor force 
entrants presents serious problems which can spill over 
into political instabilities. Such problems are further 

* compounded in many of these countries by very rapid 
rates of rural-to-urban migration which contribute to even 

. more rapid rates of labor force growth in urban areas. 
Given the near certainty of rapid labor Tore* growth 

* in fleveloping countries for the remainder of this century, 
labor-intensive development policies, especially in the. 
rural areas, represent an important component of efforts 
to maintain national coherence ,and,internal stability. To 
the extent instability and dissolution in such countries 
spill over into the international sphere, as happened re- 
cently in Iran, policies favoring intensive and broadly 
based job generation also favor international security 
interests. Although developing countries memselves 
mu$t make any decisions favoring such policies, devel- 
oped countries such as the United States can make these 
policies more attractive and feasible, through trade and 
tariff policies that favor imports produced m labor- 
intensive industries. International political support can 
also encourage governments *q move toward such do- 
mestic policies. \ . 



IMPLICATIONS FOR U.S. SCIENCE AMD 

TECHNOLOGY 

♦ 

Science and technology have already contributed im- 
pressLvelpto recent population trends, and can be*ex- 
pected to continue to do so. The rapid acceleration of 
* population growth in developing countries after World 
War II owed much to improvements in health, nutrition, 
and'sanitation, due in some (perhaps great) measure to 
science and technology. /The sustainability of the so- 
called population explosion (which in fact bears more 
resemblance to a speedy glacier than to a bomb) owes 
much to the improved productivity of agriculture and 
technological innovation as well as the capacity to con- 
vert abundant energy resources themselves (also a prod- 
uct of technological innovation) into edible calories. 10 
Equally important were improvements in technologies 
of significance to public health, ranging from sanitary 
water systems, to biologicals such as vaccines, to im- 
provements in internal and international communication 
and transportation that diminished the deadly impact of 
localized food shortages. 

Improvements in communication and transportation 
have also contributed to internal afcd international mi- 
gration. Isolated rural populations discovered the relative 
attractiveness of life in urban areas or in pther countries 
by listening to transistorized radios and watching tele- 
vision programs brought* to them by communication sat- 
ellite. At the same time, the improvement of internal 
road, rail, and an* networks have facilitated movements 
to the„urb an areas,*^nd the increased availability and 
declining real price of international air travel following 

• the- development of modern aircraft technologies has 
sharply reduced the nonlegal barriers, to international 
migration. Finally, the availability of satellite commu- 
nication has brought vividly to the attention of the world 
the.plight of millions of miserable refugees starving and 
dying on thehigh seas or in temporary encampments. 
In the way mat-Jelevision is said to have affected per- 
ceptions of the war in Vietnam, so too has it changed 

/ public -images of rpfugee problems. 

Science and technology have also contributed greatly 

° to fertility declines. While some form of fertility control 
has been available in most human societies, it is often 
forgotten that highly effective contraception is a devel- \ 

* opment of only/the past 20 years; the first oraf contra^ 
ceptives were npt widely marketed until the early 1960s, 
and the IUD !\vas not widely available until the same 
decade. Similarly, safe and acceptablejnale sterilization 
via vasectomy (the most popular fertility control method 
in some countries) clid not become common until the 
1970s, although tubal ligation for' females was in use 
earlier. There have also beeh substantial reductions in 
the health risks of indUced,abortion due to technological 
advances. • ' • • en 



Finally, science and technology have also contributed 
greatly to 'our collective understanding of population* 
change and its impacts Demography apd some of the 
social-and statistical sciences have, over the past 30 
years, provided new and powerful tools by which are 
now able to^etect and estimate demographic rates — in- 
some respects analogous to the technologies that have 
improved our capacities to assess agricultural potential, 
measure air and water quality, and even predict the 
weather. Such demographic tools now allow indirect 
estimation of demographic rates among populations 
whose births and deaths are not registered a J n?Htf nations^ 
that in some cases have never conducted an adequate 
census. Other important scientific advances have con- 
tributed to our understanding of the factors affecting age 
composition and the momentum of population growth, 
the patterns of marriage behavior; and the relationships 
of mortality change to fertility behavior. . * ' 
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As 'to future contributions, the capacity of world agri- 
culture to accommodate to projected 40 perc^it increases 
in population in 20 years will depend heavily upon the ■ 
contributions of botr> U.S. agricultural production and 
scientific expertise. Similar contributions can be made 
on the mortality side, via intensive work on tropical 
diseased that continue to be large-scale killers and maim- 
ers, such as river* blindness, schistosotiii^sis, diarrheal 
diseases, and cr£>lera. 

With regard to fertility, it is evident that the array of 
contraceptive methods presently available, wJjiJe a sub- 
stantial improvement over those before 19$0, are inad- , 
equate to the % needs of large numbers of people and na- 
tions. As has often been pointed out, oral contraceptives 
ar,e relatively nonspecific in their modes of* action, and 
have side effects that \ make them inappropriate to the 
needs of many people desiring effective fertility control. 
Intrauterir^ devices (IUDs) equally have notable lirni- 
ftations (in fact their mode of operation is tmt little under- 
stood), and available sterilization methods are less ac- 
ceptable than they would otherwise be because they_are 
•Substantially irreversible. * * \ 

Furthermore,- the diversity of social, economic; cul- 
tural, and religious settings in the world ^oday means 
that a method that is highly preferred in one setting may 
V be unacceptable in another. Even within^ societies, irK 
aividuals require different contraceptive techniques; in- 
deecj the same individual requires a variety of methods 
through his or her lifetime — a useful illustration of the . 
{ ^diversity of contraceptive demands.. If we define "mar- 
ital" to include stable consensual unions, we can de- 
c scribe four stages of the individual's reproductive life • 
cycle: 11 
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(1) Premarital; 

(2) Delay (post-marital, pre-first birth); 

(3) Spacing (posunrst birth, before completion of fertility), N 

(4) Completjprtof fertility. 



The/ contraceptive characteristics most suitable for 
each c(f these stages are presented in Table 4. Such va- 
riety oi\ individual needs, counted with the diversity of 
national 1 , religious, and cultural setting^, suggests that 
there can be no such thing as "the ideal contraceptive"; 
what is required is an array of methods with differing 
attributes, collectively providing an adequate scientific 
and technologic response to the needs presented by hu- 
man diversity. 

Contraceptive technology advanced greatly in the 
1960s, but little since, and there are few promising meth- 
ods on the immediate horizoji. The scientific and tech- 
nological pipeline is-a^particularly long one in the field 
of fertility control, given the appropriate concern of gov- 
ernmental regulators as to the safety of methods that may 
be used by millions of healthy young adults. Over the 
next five to ten years, only a few potential improvements 
are in prospect — a sub-dermal implant for slow release 
of contraceptive hormones may prove effective and safe, 
and some improvements may be made to existing IUD 
technology. While science and technology often con- 
found the most reasdnafcle predictions, there are at pres- 
ent no great anticipations of new methods to fill some 
of the obvious gaps: effective male contraceptives other 
than condoms, and, reversible methods of voluntary ster- 
ilization. The problems are.not in the realm ^Pbchnology 
or product development, but rather result from our very 
limited understanding of jthe remarkably complex process 
of human reproduction.' Yet in the recent past, scientific 
attention to this areaWs been modest; the study of human 
reproduction, prominent in the 1930s, nearly died out , 
in the 1940s, £ and had to be resurrected in the 1960s. As 
a result, it is a johnny-come-lately that remains a minor 
claimant on'government research resources.^, 

In spite of vigorous rhetoric to the contrary, available 
evidence shows that the overwhelming majo^tyof third 
world people live in countries whose governments 
openly declare their desire to lower rapid ratesflf pop- 
ulation increase. In the most recent survey by|rieUnited 
Nations (in 1978), such countries comprise^ fully 82 
percent of the population of the developing world, in- 
cluding most of the largest (for example, China, India,- 
Indonesia, Bangladesh, and Pakistan). A relatively large 
number of nations with small populations, especially in 
Latin American and sub-SaharanAfrica, however, reject 
the need for such a demographically oriente<i policy. 
Hence the one- nation/cme- vote structure of the United 
Nations and other international forums sometimes con- * 
vey^ a le^s prominent commitment to reducing rapid 
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Table 4 — Characteristics of Contraceptives Related to Life Cycle 
* Stage . 



Stage 



Characteristics 



1. Premarital 



2 Delay: Postraantal. 
Pre-first birth 



3. Spacing: Post-first 
birth, 

' Precompletion 



4. Completion gf wanted 
fertility , 



J^latively irregular and infrequent 

exposure. 
Intercourse-related methods 

(particularly postcoital) somewhat 

more acceptable than in delay and 

spacing stages. 
Serious consequences for contraceptive 

failure. ' 
Limited krfowledge of and access to 

fertility control. 
Limited independent access to medical 

system, hence nonmedical delivery is 

preferable. 
Reversibility highly important. 
Frequent exposure. 

, Relatively moderate consequences for 

contraceptive failure. 
Relatively short period of protection 

required 
'Methods where application is 

independent of intercourse are highly 
. desirable 

High acceptability and convenience 
important 

Method delivery via medical system is 
less^undesirable than in premarital 
stage due to readier access to 
medical system. 

Reversibility highly important. 

Frequent exposure. 

Moderate consequences for 
contraceptive failure. 

Long time span (as sum of separate 
birth intervals) of protection 
required 

Reversibility somewhat less important 

than* in delay stage. ^ 
Long time span of protection required. 
Less frequent exposure than in delay 

and spacing stages. 
Serious consequences for contraceptive 
- failure. 

Intercourse-related methods somewhat 

more acceptable than in delay and 
„ spacing stages. 

Acceptability and convenience Jess^ 
important than in earlier three stages. 

Reversibility less -important than in 
three previous stages. 
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Note: Charactensucs discussed here arc average characteristics and need not apply to any 
particular individual in any stage. 

Source Roy O v Greep, et a! , Reproduction arid Human Welfare ^Cambridge, Mass and 
London- MIT Press, 1976), p 71 i 

population increase in the developing nations than is in 
fact the case. 

The ability of (ieveloptng countries to lower their pop- ' 
, ulation growth rates as a matter of public policy depends 

* heavily upon improved !aiow||dge* of the social, eco- 

• tiomic, and cultural factors favoring fertility decline, and 
on improved skill in implementing service programs that 
must reach literally millions of couples. The causal 



mechanisms underlying past fertility declines are inK 
perfectly understood, even for the now developed coun- 
tries. Existing governmental strategies aimed at encour- 
aging fertility decline range widely: 

• development policies -aimed at enhanfflng presumed 
indirect factors favoring fertility declinl (Egypt); 

• policies (or directly providing knowlec^e and means 
of fertility regulation (India, China, I^exico, Bang- 
ladesh, and Indonesia, to name a few);^ 

• the* use of -economic and other incentives affecting 
individual fertility behavior (Singapore, China); 

• official support-for direct application of 4 'pressure'* 
, or "persuasion" (Ch^ia). 

If future policies are to be more effective, there is much 
to be learned about the impacts of such- an array of 
strategies in diverse settings, and the tools of social sci- 
ence and evaluation research are the only means for such 
learning. Such efforts can be highly cost-effective, as 
a molest research investment can result in substantial 
improvement in the implementation of expensive large- 
. scale programs, and can suggest new or additional strat- 
egies that may prove more effective in a given social, « 
jeconomic, or cultural" setting. 

It is commonly believed, and often pronounced, for 
example, that declines in infant and. child mortality are 
both necessary and sufficient to lower fertility; hence in , 
many settings population policies concentratejieavily on 
maternal and child health services. Scientific evidence 
on this question, however, is mixed, historical analyses 
of the European fertility transition suggest that mortality 
declines were not consistently important explanatory fac- 
0 tors. 12 Evidence from developing countries suggests that 
fertility response to infant and child death is v only par- 
tial, 13 and may be larger in some settings than in others. 

Equally unknetwn is the nature of factors that have led 
to dramatic increases in marriage age that in some coun- 
tries have Recounted for a large percentage of birth rate 
declines. Enhanced understanding here Could provide 
new and effective policy levers for government officials. 

Finally, knowledge of the pattern, magnitudes, and 
causes, of internaf and international migratipn*is noto- 
riously deficient; as these population movements grow 
in size and impact, it is evident that coping with thenr- 
will require the illumination that com$s only with sci- 
entific analysis. , 

- United States scientific and'technological innovation 
'ranks high as both initiator and moderator of recent pop- 
ulation probkms. Many of the effects of rapid population 
growth are only now coming to be felt } the large 
surviving generations bom in the 1960s and 1970s reach 
adulthood -and seek employment and lives of human 
dignity. It seems certain that meeting these Jiuman^eeds 
and moderating present rapiJfrates of population grOwth 
will require en$ncemerjt ot U.S. scientific and tech- 
nological contributions over the coming decades. 
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INTRODUCTION 

Materials and Energy depletion have been continuing 
fears of mankind since Ihe industrial revolution. Thnough- 
out the nineteenth and twentieth centuries, thoughtful 
observers hive warned hf the ultimate exhaustion of the 
materials and energy resources upon which society is 
based. Classical economists predicted a steady state of • 
no growthJand labor at subsistence wages. In 1866 Stan- 
ley Jevons/wrote in the preface to the second edition of 
The Coal Question: 

Renewed reflection has convinced me that my main 
position is only too strong and true. It is simply that 
we cannot iQng progress as .we are now doing — not 
^ only! must >ye meet some limit within sur own coun- 
' try,, but we must witness the coal produce ^of other 
countries approximating it .to our own and ulti- 
mately passing it . . . otu\motion must be reduced 
to rest, and it is to this change, my attention is 
. directed. 



Jevons* wonHf in a diffeUfnt context, are echoed in 1972 
in the introduction to The Limits to Growth: 

0 
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•Professor of Miner*! Economics. Perm^rviru* Stale Urovenky, University Put, Pennsylvania. 



If the present growth^ trends . . . continue' un- 
changed, the limits to growth on this planet will be 
reached sometime within the next 100 yejfrs. . . . 
. it 'is possible to alter these growth trends and to 
establish a condition of ecplogical and economic 
1 stability that i$ sustainable far into the future. 1 

The subject of materials depletion is an extremely 
broad and muttifaceted one. This paper limfts itself to 
looking at the implications of -materials and resource 
depletion for international security. Thus, it will ignore 
many interesting and important areas, such as conser- 
vation and environmental issues concerning the produc-* 
tion and use of materia^ and energy. It will, however, 
look at the process of resource depletion in order to state 
clearly the. nature of the depletion problem. * * 



THE PROCESS OF RESOURCE DEPLETION 
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Resource concepts are semanujpiy 'difficult because thee 
terminology used to describe resources is confusing and 
the same ufcrds mean different thjngs to different people. 
.The literature is full of resource lif&dndexes which divide 
resource stock by either annual oneumulative production 
bas^d upon*an annual rate of growth, and measure, the 
number of years remaining to each resource before it is 
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exhausted. These indexes misunderstand, perhaps deljb- ^ 
erately, the nature of resource supply Whether presented * 
with sophistication and 'understating or presented -in 
ignorance, the resource' life indexes represent a funda- 
mental misstatement of the problem of depletion Re- 
sources flow into the economy— they* are not an inven- 
tory to be used over time. 

Depletion of a natural resource occurs at three distinct 
levels: (1) single deposits; (2) the replacement of deposits 
in the production function; and (3) at the ultimate Re- 
currence of the resource in the earth. Much of the -mis- ^ 
understanding about resource terminology has occurred 
because words derived from one of these levels are' ap- 
pl ied to another 'level 



DEPLETION OF A RESQURCE DEPOSIT 

Natural resources occur in nature in deposits which have 
unique .chemical, physical, afid locational characteris- 
tics. Some deposits of mineral resources tare economic 
to produce in relation to the markets for their*product. 
These deposits may be developed into producin^sites: 
mines, if the resources are ^olid; or fields, reseftoirs, 
or wells, if the resources are liquid and gas. A known 
deposit tbat is capable of being produced today is called 
a reserve. These\eserves will be produced through time 
from the deposit. The deposit may be extended through 
exploration; the^res&rvss, through additional capital ih- 
vestment. Material produced from that deposit, however, 
will not be replaced in the deposit, thus the deposit wilj 
be^n to be depleted as it is produced. Depletion of a 
deposit simply means that for every ton produced tfcere 
is one ton less left to produce. As a single deposit is 
used up, the cost of production from the deposit tends 
to increase. The deposit is considered ""depleted" when 
it i^no longer economically attractive to continue pro- 
duction. The deposit will then be abandoned and, some 
would say, it is exhausted. / 

It is important to note, however, that 'virtually no re- 
sources 'have been physically exhausted. For a typical 
oil field, an average of over 60% of the original oil 
remains in the deposit upon abandonment. In the ease 
,of the nonfuel .resources, mine sites are abandoned be- 
cause the regaining ore does not justify further invest- 
ment to develop it. But if the investment again becomes 
worthwhile, the oil field or mine site may be reopened. 
With high prices of gold, 'for example, hundreds of 
abandoned mine sites in the West are being opened, 4 and 
with the increased price of oil, abandoned wells arefclso 
being produce d.* 

JLResems_are_determined_^nd^easuredJnJerms-of_a_ 
specific deposit % Deposits are abandoned for economic 
reasons, and not because their contents are literally- ex- 
hausted or reduced to* zero. 



REPLACEMENT OF DEPOSITS % 

, Except in geologic time, the distribution of energy and 
materials m the earth's crust can be taken as fixed. In 
this, distribution, deposits come in all sizes, shapes, # 
grades, and chemical characteristics. These deposits are 
discovered through exploration. The deposits that are 
profitable to develop become producing mines and con- 
tain reserves. As it ceases to be economically attractive 
to extract resources from a deposit, 8 that deposit is re- 
placed by a new one. New deposits are discovered by 
investment in exploration, jand become producing mines 
through further in vestment /The replacement of deposits* 
is a function of exploration and of investment to develop 
the deposit. Deposits frequently remain undeveloped, 
because the econc>mit: cost of developing 'them is not 
attractivergiven the markets for the commodities. Thus, 
deposits are replaced either when a new, economically 
attractive deposit is discovered or when technologies for 
developing known deposits at an attractive cost are 
developed. 

At this second level of consideration depletion can be 
said to be occurnng*when the replacement deposits are 

- of higher real cost per unit than the depleted deposits 
that they replace. This is the aspect of depletion that has 
been discussed mosuhoroughty in the literature. In their 

• path-breaking book, Scarcity and Growth, H.J. Barnett 
and C. -Morse tested the process of depletion oftrep^ace- 
ment deposits by positing that ^,it were occurring, the 
real*costs or real price of materials should be rising 
through time. 3 They were not'able to prove this hypoth- 
esis ai#in fact fqum^harsuch real costs^were declining 
in the period of 1870 to the 1950s. Recent work by V. 
Kerry Smith and others has weakened that corfblusic)n 
with respect to the period following the 1950s. 4 It is 
depletion in this sense, however, which underlies most 
of the literature with respect to resource exhaustion. 

DEPLETION QF THE RESOURCE BASE 

All of the elements in the upper earth's crust, water, and 
ajtmosphe.rfcare considered the Resource base. It is theo- 
retically impossible to deplete these resources. Mankind 
is only able to redistribute, not destroy them. In the case 
of the nonfuel resources, production concentrates them 
from their natural occurrence and> in a sense, creates 
new .mines from which' they can b| reclaimed through 
recycling. In the case of the energy resources, use does 
reduce the energy potential contained in those resources 
and', in that senset increases; the entropy within the uni- 
verse. Clearly the forces of geolpgic processes are to 
level the earth, and in time the energy flow will reach 
an equilibrium state of zero. . The time spans for such 
_ev£nts,jLo_w/v^ 
sible survival of mankind. 

From a- global point of view, resource deposits in 
nature can be ranked by the cost of producing them under 
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any given state of technology. Such a ranking, although 
impossible to quantify, would present a picture of a step- 
wise increase in cost as resources with different eco- 
nomic dimensions are u$ed. At one end of the spectrum 
would be the resource ctfntertt of sea water or of io>mmon v 
rocka,, the supply of which is "ihexhaustible." The cost 
of obtaining any given mineral element from these ul- 
timate resources may be infinitely high; but these re- 
sources are, nevertheless, physically inexhaustible. 

SUMMARY 

As Zimmerman has pointed out, "resources are not, they 
become." 5 The principles we have sketched underlie the 
current orthod<& classification of resources along the 
double axis of economic availability and geolpgic iden-. 
tification. The current resource classification systenrused 
by the federal government, presented in Figure 1, illus-t 
trates these "concepts. This basic idea of jesource cate- 
gorization has many variants, and, of course, there is 
much discussion concerning what kind of numbers to put 
in the various boxes. The process of resource depletion * 
is both an economic and a geologic phenomenon. It is 
economic in .the sense that any deposit will be abandoned 
when continued production is no longer economically 
justified;* the replacement of that depleted deposit de- 
pends botji on geologic occurrence of deposits and the 
economics of additional* capacity; and finally, the limit 
on further production is always an economic, not a geo- 
logic, phenomenon. 
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THE CONCEPT OF RESOURCE ADEQUACY* 

The concerns expressed by the authors quoted in the 
\ introduction relate not to exhaustion as a phenomenon 
but to the fact that a decline in resource availability to 
mankind will impose real limits to the quality of life of 
mankind. This concern, which broadens the scope of the 
analysis from the economics and geology of resource 
deposits, raises the problem of resource adequacy. By 
definition, adequacy must be measured in terms of ob- 
jectives > Thus, the subject of resource adequacy has both 
a supply and a use sider=Several general measures of 
resource adequacy have been proposed. T. Page, for 
v example, suggests that we use constant costs of resource 
availability through time as a test of resource adequacy. 
V.K. Smith tries to develop a scarcity index of resource 
adequacy. 6 Others define it more narrowly * in terms of 
resource adequacy for a three year war, as defined by 

govem menyx^ to stra tegic sto ckpiles. to be replicated in all such geologic environment* in the 

"Still others look atresource^adequacy fron^the point* of 
view of whether a given resource is adequate to allow 
society to undertake actions to replace its use with an- 
other, which is the current underpinning of energy policy 
with respect to liquid fuels. All of these concepts have 



a common analytical structure. They involve adequacy 
as measured by supply with respect to an objective or 
demand for the resource. Adequacy always has a supply 
and a demand side. y 

• THE SUPPLY SIDE OF ADEQUACY 

Virtually all analyses of the supply side of adequacy start 
with some measurement of the size of the various re- 
sources categories shown in Figure 1 . As we have already 
noted, transformation of resources to reserves is the fun- 
damental issue on the supply side of resource adequacy. 
Recognizing this, we see at once that the critical variable 
is the quantity of reserves that can be ultimately devel- 
oped, given the economic costs. But this quantity is 
unknown and, at the current state of our knowledge^ 
"Unknowable. All attempts to estimate what R.G. Ridker 
and W.D. Watson call "prospective reserves" involve 
the^ application of the current state of human knowledge 
to predict or project unknown quantities. 7 There are three 
primary methodologies being used to make such estimates. 

The mosrfamiliar method relates the remaining toI- - 
umes of prospective reserves to the rate with which re- 
serves have historically been developed and used/These 
time rate methods flow from the pioneering work of King 
Hubbert, and they indicate a limited prospective reserve 
category for oil and gas;uranium, and som6* other major 
mineral commodities. 8 A second technique uses a geo- 
logic or geographic analogy whereby the material and . 
^ fuel content of a known geologic environmeqt is assumed 



earth's crust, or in a more general sense, the material 
and energy s cohtent of a given geographic area is assumed 
to be replicated in other egual-in-size areas. The third 
method is ^o ask the experts and develop a probability 
range around an estimate. 9 
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The usefulness and accuracy of each of these methods 
^ is^of course, open to sharp attack, on the grounds that 
we canngt* estimate *a phenomenon when our b^sic sci- 
entific ^ understand i ng of that phenomenon is flawed. At 
the beginning of the energy crisis^when it became very 
important to develop an understanding of the future 
availability of petroleum and natural gas in the United 
States for public policy purposes, the Federal Energy 
Administration asked^a group of distinguished statisti- 
cians to looll at the alternative; methods for estimating 
the ultimate reserves or producibility of oil and gas in 
the United States. These statisticians, working inde- 
pendently, each arrived at the same conclusion that none* 
of these estimating techniques was statistically reliable. 10 
The'U.S. Geological Survey has developed a model for 
the availability of petroleum that shows the absolute ne- 
cessity of starting with a scientifically justified model of 
the occurrence of deposits by size distribution and other 
characteristics in the earth's crust. This has to be fol- 
lowed with knowledge, of how many of 'these deposits 
\ can be discovered and at what cost through exploration, 
and so on through the development and production 
stage. 11 _ 

The import of the preceding paragraph is that we must 
give up any hope of developing a scientific model of 
future availability at what cost for any material or energy 
resource . At best we can take the first element of resource 
classification, reserves, as the minimum that will become 
available, by definition, at current real price. Beyond 
that, we can — with decreased certainty — estimate geo- 
logic discoveries and technological advances. It must be 
understood, however, that any figure or range of figures 
so developed misstates the k fundamental concept of the 
supply of resources. The supply of resources .is, in fact, 
a flow of resources to the economy. It is not the Ex- 
haustion of a fixed stock. Whether or not resource de- 
pletion in the sense of rising costs occurs is a function 
of future technology \f\ exploration and in production. 

Knowledge of future supply side availability is very 
limited. The origin and real costs of supplies for the next 
decade are now known with very small margin 6f error. 

The margin of error consists primarily of the political" 

^ilability of known resources, that is, cut-offs in sup- 
plies arising from political constraints, such as war or 
embargo. In addition, there is the unknown probability 
of major natural disasters. Finally, there is a small prob- 
ability at the margin that major new deposits or technical 
advance could change the Supply situation within the 
• next decade. The latter is extremely unlikely, given the 
long lead times necessary to develop tbe productive ca-- 

parit y and inf r as trarttireiirvoh^ 

and energy projects. For many commodities, current re- 
serves collfain quantities that still will not be used before 
the end of the century. For others, current reserves will 
not last this decade if demand for them continues' at 
- current levels. 



DEMAND SIDE OF ADEQUACY 

The determinants of resource demand can be categorized 
into seven rn^r variables: 12 

(1) Demographic variables such as size, rate of growth, 
and age and sex distribution"^ population; number 
of households; and labor-force participation rates. 

(2) Standard of living, usually represented by per capita 
gross product. 

(3) Style of living, such as the pattern of preferences in 
cor^umer goods and transportation services. 

(4) peographic distribution of population between urban 
and rural. - , . " 

(5) Technological structure, that is, the means by which 
goods are produced from resources. 

(6) International trade-relationships. ^ 

JJ) Institutions and policies, for example, environmental 
requirements. 

9 M 

The a|?ove factors affect the demand for total re- 
* sources. The use of any single resource is the result of 
demands lor final goods, the technology of production 
of each good, and relative prices. 

It is clear that many of these variables are useless for 
projecting material, demands, since their projection is 
difficult, and thcrelationship between them and specific 
resource demands is very complex and uncertainrMest 
analyses of projected resource demands rest upon some 
simple assumptions of the relationship among specific 
resource demand, levels of production, and, in some 
cases, the price of the resource. The important point to 
be made here is that, justjlike the supply side of ade- 
quacy, the demand side of adequacy is essentially un- 
known and unknowable, as it depends irrevocably upon 
the development- of future technologies' and 'price 
relationships. 

RECENT STUDIES OF RESOURCE ADEQUACY \ 

There have been three major studies, published in ,1979 
— and-1980; -which -have tttempted-to-measure-in-quanti- 
1 tative terms the adequacy of materials and fuels re- 
sources. 13 These studies carefully examine the evidence, 
make what the authors consider to be conservative pro- 
jections, and draw general conclusions. All three studies 
indicate that depletion, as measured by its economic 
dimension of increasing costs, does not present a chal- 
lenge to resource adequacy for a minimum of three dec^ 
ades. The studies do conclude, however, that in the area 
— ^Gf-energy^society faces a -transition-from -its current 
_ _sources'to alternative spurces, and that the effect of re- 
source depletion on the quality of life rests upon the 
successful conduct of that transition. \ 

The concept of resource adequacy rests upon the con- 
junction of materials and energy supply with materials 



and energy demand The essential problem is whether 
quantities will be available at any given price level to 
meet requirements at thaft price level. The future char- 
acteristics of economic availability are unknown and, at 
the current state of knowledge, unknowable. Therefore, 
any projections of availability as a function of price 
through time for mineral resources are highly uncertain. 
/ The same cato belaid for the projection for the use of 
mineral resources, that is, the demand side. Both the 
supply function and the denland function are subject ta 
extremely complex determination, and prediciio'n of the 
factors determining each through the future is virtually 
impossible. The predictions progressively lose credibil- 
ity as a function of future time. The situation is not, 
however, as bleak as it seems. If the adequacy of resource 
availability is seen as a process rather than a point es- 
timation, it is possible to develop strategies addressed 
to the process* itself which have implications and via- 
bilities beyond our knowledge of future outcomes. 



WORLDWIDE DISTRIBUTION v OF RESERVES - 

Reserves are developed in response to economic incen- 
tives, that is, the prospects of returns from development 
of mineral resources. The factors that determine which 
deposits will badiscovered and then developed into pro- 
ductive reserves involve calculations not only of the costs 
of developing the deposit itsey* but also of transportation 
and marketing of the output. The closer a given deposit 
is to the market place, the greater the likelihood it will 
be developed. Deposits in remote areas must carry a 
substantial premium in the sense of economic rents to 
k justify»the transportation* and other costs involved in their 
development. 

It is not surprising, th^n, thj/ mineral developments 
, have beenlbeatfed near incMtrial markgts. The imppr- 
tance of location to production, is perhaps besl illustrated 
by the steel industry, where location has been the result 
of the confluence of the basic raw materials, energy, and 
markets. In the United States,, the original centers* of 
production were in the Pittsburgh area. These centers 
used river transportation for the coal , .iron ore , limestone , 
and other inputs to the pr^ess, and served the emerging 
industrial complex of Pennsylvania ,and Ohio. As the 
iron ore supply shifted northward to Minnesota, a second 
. complex, centered in Gary, Indiana, was generated along 
the shores of Lake Michigan. The Japanese steel industry 
takes full advantage of low-cost ocean transportation for 
all of itSjiaw materials and much of its product. Jhe 
^totaicost of supplying a market is critical in decisions 



about where to locate production. 

Of course, the location decision is affected by the 
geology of the mineral resource itself. Giventall other 
factors, however, exploration" will tend to be concen- 
trated in those areas where development would be rel- 
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atively easy.- An oil reservoir might be a bonanza in 
Oklahoma, for example, yet the same oil reservoir in 
offshore Nova Scotia might not be a commercial find. 

Resources can-be categorized with respect to the im- 
portance of the market and transportation systems in their 
gl location. For the construction materials that make up in 
total bulk most of the materials society uses, develop- 
ment Ms almost entirely market oriented. At the other 
extreme, the^ferroalloy metals, which are geographically - 
scarce and measuted-in pounds rather than in tons, are 
developed where they are found. Most major resources 
lie between these extremes. 

v Commodities produced far from their markets create 
international security implications. The major one,, of 
course, is pfetroleum, but cobalt, chromium, platinum 
group metals, manganese, copper, and bauxite are also 
important. Each of these is briefly discussed below. 

PETROLEUM 

The United States and other Western industrialized coun- 
tries use petroleum primarily for transportation, but also 
for industrial processing and household energy. The bulk 
of petroleum entering into world trade is subject to the 
actions of a cartel that has been successful in raising the 
price of petroleum in- the world markets. The success of 
the cartel flows from two fundamental characteristics of 
the petroleum market; ^ 

• Because the demand for liquid petroleum is techno- 
logically fixed in its transportation uses, at least for 
a significant period of time, rapid substitution away 
from liquid petroleum in transportation is virtually 
impossible. 

• The search for new petroleum reserves is expensive 

• and carries a long lead time, and so the development 
olreserves outside of the carters control is a relatively 
slow process. 

.These two factors combined have permitted the cartel 
to raise the price'of petroleum on world markets by an 
order of magnitude over the past ten<years. The Arab 
portion of the OPEC cartel did use the "oil weapon" 
andl imposed an embargo in 1973, and supply jjjotn the 
Middle East has been interrupted periodically due to wars 
since 1950. Thus, petroleum is an example of a con- 
centration of world reserves under the control of a cartel 
and^ubject to supply interruption by ^deliberate action 
or as a result of political developments. ' ^~ . 

^COBALT — 1 . • 



ERLC 



Over 40 percent of the world mine production of c^lbalt 
comes from Zaire, which has well over a third of the 
world reserve base. Cobalt has a variety of uses, but its 
k most important one, from the point of view of interna- 
tional security, is for turbine engines in aircraft. It is 
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produced as a by-product of copper and the ppjce is set 
H>y the Zairian source. Total world production is only 
about 35,000 tons. 



CHROMIUM 

Chromium is an essential ingredient for the making of 
stainless steel. Thirty-five percent of world production 
comes from the Republic of South Africa, which ^Jso 
has two-thirds of the world reserve base. 



summary 

Distribution of reseiVes and productive capacity within 
the world arises from geologic and economic factors. As 
indicated above* geology has played the mosfimportant 
role in production of petroleum apd some of the ferro- 
alloy metals. For most othermaterials the primary factor 
has been economics, not geology. 



* PLATINUM „ • J 

Half of the world production and three-quarters of the 
world's re$erve*base for platinum group metals is in .the 
Republic of South Africa. Virtually all of the remainder 
is in the Soviet Union. A major use of platinum that 
raises international security implications is its use as a 
catalyst in the refining of petroleumVlt is also used for 
emission control in automobiles in tile United States. 



manganese s m% 

Manganese is an essential ingredient, under current tech- 
nology, for the making of steel. The^Republic of South 
Africa supplies a fifth of the world's mine production, 
but over 40 percent of the free world production. South 
Africa contains three-quarters of the free world reserves 
and about third of the world reserves of manganese. 



COPPER 



jQopper reserves are mucfi more broadly distributed than 
brother commodities listed above, but copper does not 
enter into world trade in significant volumes. The largest 
producers are the United States, Chile, the Soviet Union, 
Canada, and Zambia, in decreasing ordef.^n the reserve 
base side, the reserves arfe held approximately one-fifth 
by Chile, another fifth by the United States, followed 
by Rus^a, Zambia, ancj Canada, each of Whom has less 
than 10 percent — - 1. \ — _ _. . 



bauxite * 

Bauxite is the ore for aluminUm.»Bauxite ores are widely 
distributed throughout the world, but bauxite is a comV 
modify in which the geographical separation between the 
ore producers and tlje metal producers js pronounced and 
virtually all of the bauxite enters into foreign trade. The 
largest producer is Australia which accounts for about 



30 percent of the worlds pro4uction. Guinea and Ja- 
maica each produce abd&t* 15 percent^ and indfcidual 
countries* drop off sharply frornthat level. On the reserve 
side,«Guinea has approximately 30 percent, Australi*20 
percent, followed by Brazil artd Jamaica with about 10 
percent each. * ' 



RESOURCES ANiftCONOMIQDEVELOPMENT 

Abundant natural resources have played a major role in 
the economic development- of the> nations <^he world. - 
At the time of the industrial revolution, the confluence 
of energy and material availability was a determining 
factor in the location of major industrial activities 
Clearly, the emergence of Great Britain, Western Eu-* 
rope, the United States, and Japan as major industrial 
powers is ba'sed upon a natural endowment of energy 
and material Ibsources or access tojpcean transportation 
to permit their acquisition relatively cheaply. 

The developing countries rujw look upon resources'^ 
a major means of facilitating their economic develop- 
ment.tThe export earnings flowing to the oil producers, 
greatly enlarged by their cartel action, have provided a 
clear example of the transfer of wealth from the indus- 
trialized countries to the raw material producers. In ad- 
dition to petroleum, copper has played a major role in 
Chile and Zambia apd is looked upon as a major cbn- 
. tributor in such countries as Papua New Guinea and 
Panama. The Republic of South Africa, which is blessed 
geologically with a disproportionate endowment t>f man- 
ganese,' chrome", and plrftinum group metals, has used 
these materials plus gold and diamonds as a major source^ 
of its wealthy 

Among the' industrialized countries, the Soviet Union 
is least dependent upon the international flow of goods 
for its mineral and energy supplies. In part, this is due 
to resource endowment, but it is also due to deliberate 
government policies7'The~S6vietTfhion7 foMSxample," 
does not rely on imports of bauxite for its-aluminum and 
thereby imposes substantial additional costs for the pro- 
duction of aluminum metals. At the other extreme, Japan 
has virtually no natural resources and is therefore almost 
entirely dependent uptfn the rest of the world for imports 
of materials and energy for her industrial production. 
Between these extremes, the United States-lies closer to 
Ryfssia, and Europe lies closer to Japan. 
(The nonfndustnaiized areas ot the worm depend upon 
raw material exports as their major earner of claims to 
goods and services, and the industrialized countries de- 
pend upon raw material imports to maintain their econ- 
omies. This fact creates, in essence, a bilateral monopoly 
bargaining position be&een the raw material exporters 



and the industrialized countries pf<the West. The ex- 
porters 'have a strong bargaining chip in that the indiis- 

• trialize4 societies,, certainly within short time spans, can- 
.not operate without the materials and - energy they 
produce. On the other hand, unless these materials, and 
energy are sold to the industrialized countries, the ex- 

% porters «will not be able t'oenjoy the retufns from them 
and' will suffer dramatically in terms'of wealth. 

« . v 
ROU OF DEPLETION 

The time frame of this paper is five years or, generously, 
the decade of the 1980s. Depletion pf materials and en- 
ergy resources during the next ten years vyill not signif- 
icantly affect the flows of trade and the international 
security aspects of materials and energy availability to 
the United States. In this sense, depletion is simply'un-. 
important^within the context of this analysis. 
In .two of the specific. commodities we have already 
discussed, however, historical depletion is important to 
the current situation. The United States was the first large 
developer and user of petroleum in the world and has 
for many years maintained a position as either the major 
or a major producer of copper. On a relative basisthen, 
, thfe geologic deposits of petroleum and copper available 
within the continental United States have fceen depleted 
relative to deposits occurring in other portions of the 
world. Tojhe extent that intensive exploration for these 
resources has discoWed relatively high grade and easily 
found resources* within the land available for exploita- 
tion, future di&overies will be relatively less probable 
in the United States than in the rest of the world. The 
same situation applies to a* wide range ofrother materials 
foun# in the fjnitfed States, such as zinc, potash, and 
sulfur,, 

For the other materials discussed -above, Jiowever, 
geological factors have*prevented the United States from 
ever enjoying comparative advantage in their production. 1 
These mateqals are relatively scarce ones (except baux- 
ite) ^nd the best deposits simply do not occur within the 
boundaries of this country. Thus, the development of_ 
these materials has occurred outside of the United States 
and" depletion, as such, has played no rote in that 
^development. , 1 \ ' 

•T*rom a world perspective, issues of resource depletion' 
may have implications centuries from now. Mudi fun-* 
damental work is now being undertaken to try to un- 
derstand the nature of substitution between resources, 
<papital, and labor in thej)roduction function of society. 14 
IffS fact, this substitution is limited, then the question 
of resource constraints placing a major limit on the 
growth anckwelfare of society/is perhaps still open. De- 
pletion in this sense ? ]s of great theoretical interest, but 
bf little practicaj^ujlei^t in terrtasof resource ^vailability 
over the next ten years* \ ^ 

T 6 * 
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INTERNATIONAL SECURITY ISSUES 

^.Two major issues arise from the geographic and eco- 
nomic distribution of materials aijd energy raw materials 
in the world: ^ 

,i 

' (1) How can the industrialized world deal with supply 
interruptions? * 

(2) Does relative depletion of resources in the indus- 
trialized countries jeopardize the comparative ad- 
vantage of the manufacturing sectors of these econ- 
omies, leading to short-term transition problSns and 
long-term deterioration in their term^ of trade? 

The United States has been addressing the first issue 
in several contexts almost continuously since World War 
II. A large number of presidential commissions and spe- 
cial studies have dealt with the so-called critical materials 
problem. At present, for example, serioUs discussions 
concerning the "resource war" with southern Africa la- 
bel the Republic of South Africa in particular as the 
"Saudi Arabiaf of materials. 15 In the United States', the 
President's wnfuel mineral policy study draft report 
identifies the^fconcentration of productive capacity and 
reserves in southern Africa of chromium, cobalt, man- 
ganese; and the platinum group metals as a major issue 
. with respect to short-term interruption of supplies. 16 The 
£ so-called energy crisis isjrecisely of the same nature, 
in that interruptions, of petfbleunThave immediate and 
serious consequences to the industrialized countries. * 

A second consideration, separate but related to supply 
interruptions, is the. economic terms upon which these 
internationally traded materials become available to in- 
dustrialized societies. Oil is the,significant material that 
raises this issue, simply because of its importance in the 
world economy. Cartels have been tried in bauxite, and 1 
there is producer pricing of -both cobalt and chrome. 
These materials have economic values in the small range 
of millions of dollars, however,, rather than in the tens 
of billions, and thus the impact of price rises on the 
overall economy is relatively trivial. 

The issue of lpss of comparative advantage is a sierious 
one for the future of the United States, in particular. The 
U.S.* industrial base was built while die United States 
had access tojcheap and conveniently placed ^natural re- 
sources. Several basic industries are showing signs that 
' they havejost their international comparative advantage 
and perhaps their absolute advantage. The problems of 
- the steel yidustiy, the automobile Jhdustry, and the textile 
industry are symptomatic .of/thisfdevelopment. So*-long 
as the decline occurs in an orderly way and does not 
generate substantial local income distribution problems, - 
its impact may not,raise serious issues. But in the case 
pf steel and automobiles, in particular, the transfer Of " 
labor and capital from a declining basic industry to a 
growing sector of the economy generates very substantial 
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economic problems and perhaps international security 
implications. 

The two problems are related and aggravated, in part, 
. by relative resource depletion. Such relative depletion 
' contributes to the loss of comparative advantage, which 

in turn* contributes to increasing import flows of basic 

commodities, such as steel. 



ALTERNATIVE STRATEGIES 

The issues of supply interruption and loss of comparative 
international advantage are interrelated in a direct but 
subtle way. If "society decides to solve the. first problem 
in ways, that substantially increase the cost of raw ma- 
terial supplies, it will exacerbate the second problem of 
comparative ad vantage., Energy provides a clear exam- 
ple. 'The industries sufferings loss of comparative ad- 
vantage, such as the primary metals and basic, manufac- 
turing industries, ha&e energy as a major c6st of 
production. Thus, if me United States decides to solve 
its energy supply problem by imposing substantial costs 
on U.S. consumers above those borne by the other in- 
dustrialized countries, this action in and of itself will 
accelerate the problems arising from a declining indus- 
trial base. This implies that the strategies for attacking 
these two problems must be considered together. Any 
viable solution must take* full account of their 
interdependence. * M % , 

" 4 



THE SELF-SUFFICIENQY STRATEGY 



This is presented in the hopes that it will be perceived 
as a sjraw man argument. It must be taken somewhat 
\...sgperiisly, however, since the initial response of the fed- 
eral government to the Arab oil^embargo of 1973 was 
to proclaim a drive for^'energy independence." It also 
gains credence in the increasing references from many 
sources to the fact that the Soviet Union is virtually self- 
sufficient in energy and materials and this is held ou{ as 
a major" threat to United States economic/and national 
security- 17 

The implications of the strategy are immense* First, 
it would involve the cut-off of the United States from 
its export markets and from efficient and cheap imports. 
This t would reduce the productivity of the United States 
economy and move- the economy toward a prolonged 
period of slow growth or stagnation. Second, it would, 
isolate the United States politically from its allies and 
create very serious problems in national defense. Third, 
it would isolate the United^ States from the emerging 
Third ^orld and ultimately exacerbate serious political 
andsecurity problems. This is not the place to fully detail 
the implications of self-sufficiency anithe reemergence 
of autarchy in the world, but it is clear that the severity 
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of the national security issues identified here argue 
against the sledgehammer solution of imposed self- 
sufficiency. Self-sutficiency as a strategy, of^course, 
would address both of the issues identified above. 

• STRATEGIES FOR SUPPLY INTER j^TION 

• There are in general several approaches to lessen th^ 
impact of a supply interruption* on those materials for 
whiclv the United States depends significantly on foreign 

- sources, including: 4 • 4 

i < 

• maintenance of stocks of the material within the con- 
tinental United States; N 

• mainterianc^pjLstandby productive capacity for the 
material in the United States; 

• development of on-tKe-shelf technology to substitute 
for the specific material in critical^ uses; 

• fostering design chapges-4Qminimize the use of the 
material; ' 

• creating substitutes for the imported material from 
domestic production of the same material on a sub,- 
sidized Jbasis. 

Any of these strategies involve a cost to society jus- 
tified, presumably, by the benefit in mitigating the prob- 
ability of a costly supply interruption. The strategy which 
should be followed depends then on the specific com- 
modity situation with which the' United States is faced. 
We hdve already decided in the case of materials* nfeeded ( 
'for national defense that a strategic stockpile of supplies*, 
for a specific national security Emergency is/the best 
form of insurance. That strategic stockpile, however, is * 
not useful for commercial supply interruptions and may 
involve substantial costs to society because it hiust be 
maintained for use in a national security crisis. 

^he_jiternative solutions to the problem of supply 
interruption #11 involvd"scientific and technological com- 

t ponents?. A deep-sea mining capability, for example, 
, would /immediately change the reserve and productiQn 
picture for copper, nickel, cobalt, and*manganese, and 
might make the United States an'exporter rather than an 

, importer of these materials. Deep-sea mining might have 
benefits out-weighing its economic costs, and therefore 
justify ^security premium or subsidy.to speed its de- 
velopment. Similarly, *if research could yield a su&stitute 
for cgbalt, based upon' a more -abundant material, the 

j security premium involved in cobalt could justify our 

I investment in the technology required to produce the 
substitute. \ ♦ 

The policy is^s raised by rtiese alternatives are to* 
a great extent specific to a given eoqdlqaMty, and must 
be considered on a case, by case bars. Much, of the 
analysis which t has been done'in-the. critical materials^ 
areaf indicates that an effective and carefully drawn stock-' 
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pile proposal is, in many cases, the cost-efficient insur- 
ance against supply interruptions. Other of the above 
policies, however, may be the cost-efficient approach in 
some cases. It is clear that the incentives for private 
research and the development of new production strat- 
egies and substitutes do not reflect society's costs in 
dependence upon foreign sources which c&n be inter- 
rupted for political purposes. Thus, there is a prima facie 
case that/esearch into developing the alternatives other 
than stockpiling indicated above should be properly un- 
dertaken at the expense of the society as a whole rather 
than the private sector alone. 

This leads, then, to two recommendat/ons concerning 
strategies for dealing with the issue of iupply interrup- 
tions. The first is that for the selected materials upon 
which the United States is dependent on overseas 
sources, a strategy be established for each material to 
achieve protection from supply interruption in the most 
cost-efficient manner given the current state of technol- 
ogy in production and use. Second, additional support 
should be undertaken for basic research in innovative 
'technologies for continuing to produce existing materials 
and for creating new resource substitutes. This would 
be long-term strategy for decreasing the cost of insurance 
against supply interruption. 

STRATEGIES FOR THE LOSS OF COMPARATIVE 
ADVANTAGE^ 

This issue raises policy questions which run well beyond 
the availability of raw materials. It includes issues of 
productivity, industrial management, tax policy, and 
even the rate of savings in the U.S. economy. The fun- 
damental attack on this issue must be in research and 
innovation to substantially reduce the real*costs of pro- 
ducing the primary minerals and the basic industriafl 
products at home. This can be achieved by research 
^ aimed (1) at the production technologies themselves, and 
(?) at producing a substitute for the basic material and* 
manufacturing outputs at substantially lowerecfrcosts.v 

* It has been demonstrated that because of a basic markeb 
failure, research and development are not pursued at a 
socially optimal level in the United States. 1 ? Thus, we 
need to expand the level of research and development 
to attack the fundamental issue ofyhe overall productivity 
of our industriaj base. This is the third'recommendation> 

THE IJJEED FOR BETTER KNOWLEDGE 

We are fundamentally ignorant about the geological dep- 
osition of mineral and energy deposits in the earth's 
crust. The determinants of the level and the efficiency 
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of the exploration process are not known. There is much 
to be learned about ways in which changes in certain 
institutional structures, such as nationalized firms, coun- 
tries operating as entrepreneurs, and multinational multi- 
product private corporations, affegt the flow of mineral 
supplies. The same state of ignorance exists on. the de- 
mand side of trade in resources. 
The major presidential commissions that have reported 

. on materials problems, including the draft report of the 
recent presidential study, all have called for increased 
attention to the data arid analytical information available 
to policymakers in both the government and the private 

^sector. The fourth recommendation -of this paper is the 
establishmefr^of improved data and analytical capabili- 
ties in the federal government, including substantial re- 
search in the basic geological and social sciences directed 
at the mineral and energy resources sectors. 




The role of depletion in international security affairs 
flows primarily from the relative depletion of resources 
in the United States, this depletion has meant substantial 
change in comparative advantage for both the minerals 
and resources industries and for the primary industrial 
sectors that^ire based upon them. Along with geologic 
endowment, this situation leads to^a dependence upon 
foreign sources for certain materials. Supply of these 
materials is thusisubject to political interruption and to 
a major problem in transition from previously efficient 
industries to newly emerging growth sectors in the 
economy. 

To deal with these issues in their resource and energy 

context, four recommendations are made: 

f 

(1) Establish, for each material upon which .the United 
States is d^pendejit on overseas sources, a strategy 
for achieving protection from supply interruption in 
the -most cost-efficient manner, given the current 
state of technology in production and use.- ' 

(2) Undertake additional support for basic research in 
new production technologies for these materials and 
in the development of substitutes for them, as a long- 
term strategy for decreasing the cost of insurance 
against- supply interruption. a , 

(3) Expand the level of basic research and development 
to counteract the declining productivity of our in- 
dustrial base. 

(4) Improve the data and analytical system for materials 
and energy, as a guide to both the federal government 
and private industry.- 
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* INTRODUCTION 

This is an unusual paper which does "not conform to the 
general pattern of the, papers in this series because it 
deals with an almost unprecedented problem. Most of 
the papers deal, quite legitimately, with research prior- 
ities within an existing framework of ideas. They are 
within the setting, that is, of what Thomas Kuhn calls 

• 4 'normal science." What I am' proposing is a basic para- 
metric change in our whole view of the problem, that 
\s 9 jl scientific revolution. I am not asking myself what 

t is the best thing to do within the existing framework; I 
am asking, is fhe existing framework adequate, and com- / 
ing out with the answer that it is not/A profound change ' 
in our whole way of thinking aix5ut national defense is 
necessary. Another paper could ;easily be written along 
the lines of "normal science" within the existing frame- 
work. Someone else would have to be found to do it. 

This paper, like the others, was discussed among five, 
cqlleagues at the AAAS workshop on "Science, Tech- 
nology, and Internatiohal Security'**: Dr. Wayne Bert, 
Dr. Davis Bobrow*, Dr. John Coleman, Dr. Richard 
Scribner, and Dr. LorimStieff. I found both their written 
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reviews and the exciting oral discussion that we had 
extremely helpful. What I hoped that my original paper 
would do was not to solve the problems, but to start a 
discussion and to raise questions. This I feel it did among 
the discussants. Rather than prepare a new version of the 
paper, therefore, becausfe the discussion itself is what 
the paper was intended to provoke', I am presenting a 
somewhat shortened and revised version of the original 
paper, in the light of some textual criticisms, without 
changing its essential content. Then I am presenting a 
summary- of the discussion and my response to it. 



SCIENCE AND NATIONAL DEFENSE - 

It is the business of the scientific community to perceive 
and to transmit into human consciousness testable images 
of the orderly patterns pf thfe real world. It is the business 
of a science-based technology to utilize the perceptions 
of science to transform the real World in directions which 
are favorable to at least somebody's human^valuations, 
that is, directidns which in some sense are "bett^" 
rather than "worse. " The orderly patterns of the real 
world cover systems of a wide range of complexity and 
structure, from the relatively simple patterns of the phys- 
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ical world to the greatest* complexity of which we are 
aware, human beings and their societies. . 

National defense is primarily a subset of the social 
system insofar as it is concerned with human beings and 
with their technological artifacts. It also has relationships 
with the biological and physical sciences. Certainly the 
development of chemical, biological and especially nu- 
clear weapons has had a profound impact on it. Never- 
theless, it remains essentially a part of the social system; 
.it cannot be understood except in relafion to social sys- 
tems. The physical and biological sciences affect trie 
parameters of social systems but do not in themselves 
explain them, * 

Within the general pattern of the world social system, 
national defense deals with certain aspects of the otgjfi 
nization and interaction of national states. National 
fense is a subset of the 4 'threat system.*' The threat . 
system, is part of the social system in which human be- 
havior is organized by threats rather than by excfiange 
or by integrative structures. Because society is an eco- 
system, however, all these things are related. National 
defense organizations, such as armed forces and de- 
partments of defense, operate in part withih an exchange^ 
system in tha\ they buy and sell things. Their capacity • 
for survival alsb depends very much on the general struc- 
ture of legitimacy, which is an aspect of the 'integrative 
structure. No organization can survive: iirasociety if it 
is widely perceived as illegitimate, especially by those 
who participate in it. AH national defense organizations 
are financed by government appropriations of money, 
which in turn are obtained through tax systems or through 
the creation of money by .the state. These political struc- 
tures, again, rest on what might be called legitimated 
threat, which again tends to break down if it is not widely ^ 
felt to be legitimate. -J 

The dynamics pf legitimacy are very complex, yet are 
also highly relevant to the problem ^f national defense. 
, Legitimacy seems to come from two quiteflifferent and 
contradictory sources, which explains, perhaps, why it < 
produces systems exhibiting great discontinuities. An- 
cient legitimacies wjiich have persisted unchanged for 
a very long time sometimes collapse overnight. One imv 
portant source of legitimacy is positive payoffs. Some- 
ti^jng which is perceived as clearly beneficial would tend 
to acquire and to retain .legitimacy. The love of country, 
like the love of spouse, is certainly not unrelated to our 
perception of net benefits received from the association. 
Institutions that are perceived as no longer paying off 
and as yielding small or negative benefits are apt to lose 
legitimacy, as absolute monarchy 'did in the eighteenth . 
century and empire did in the twentieth century. 

This, holvever, is not enough to explain the complex 
dynamics of legitimacy. We also have a strange phe- 
nomenon that I call the "sacrifice trap.** Negative pay- 
dffs also produce legitimacy, simply because suffering^ 
creates a sense of identity that is extremely painful to 



deny. If we have made sacrifices for anything, our iden- 
tity becomes bound up with the objects and the purposes 
of those sacrifices and'it becomes extremely hard for us 
to admit that our sacrifices have beeti in vain. Unhappy 
marriifges sometimes last longer than happy marriages. 
The blood of the martyrs is the seed of the church; the 
blood of "the soldiers is the seed of the national state. 
Sacrifices, and the demand for sacrifice, often tend to, 
grow until at some point they reach a discontinuity and 
the whole system collapses. The history of revolutions 
and reformations amply testifies to this. 

The persistence of threat systems in human history, 
in spite of the fact -that they probably have a very low 
overall payoff in terms of human welfare, has a lot to 
do with the curious combination of positive and negative 
payoffs which they involve. >A threat system essentially 
begins with a statement on the part of the threatener to 
the effect, "You'do something that I want, or 1*11 do 
something that you don't want.'**The subsequent system 
depends on the response of the threatened. There are at 
least four possible responses. The first response is sub- 
mission, in which case the threat is not carried out, but 
the threatened party makes sacrifices and the threatener 
presumably benefits. Secondly, there is defiance, in 
which the threatened party refuses to do what {he threat- 

' ener wants. This moves the system back to the threatener, 
wh6~flien HasTd "decide whether or not to carry out the- 
threat. If he carries out the threat, both parties are injured. 
Carrying out a threat involves costs on the part of the 
threatener as well as damage to the threatened. If the 
threatener does not carry out his threat', his credibility 
may be impaired, so there is again the cost to the N #ireat- 
ener. The decision obviously depends "to some extent 
on the evaluation of these different costs when compared 
to the probable value of the benefits derived from" the 
chance of submission of the threatened party. 

A third'possible response to threat is flight,' which has 
been very common in human history, from the Israelites 
in Egypt to refugees everywhere. A fourth response is, 
counterthreat, fn which the threatened party responds by ^ 
saying, "If you do something nasty to me, 1*11 do some- 
thing nasty to you.'* If this results in neither threat being 
carried out, we have deterrence. Deterrence, however^ 
h always subject to^breakdown. It puts stress on both 
parties and tends to produce escalation of threat. An amis 
race, in whioh each party in the attempt to stabilize 
deterrence increases his threat capability, is an example. 
This then creates a corresponding threat increase on the 

^ p£rt of others that may or may not reach some sort of 
equilibrium. Usually it does not, and Systems of deter- 
rence, while they are frequently stable in the short run, 

* are rarely, if ever,.stable in the long run. Indeed, we can 

-argue that deterrence cannot be stable in the long run, 
for if it were stable it would cease to deter. 

The institutions of national defense are the result of 
a long evolution of threat systems that is still continuing*. 
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In the flGWithic, threat systems seemed to diminish in 
importance as opportunities for agricultural expansion 
increased. The rise of cities, however, in early civili- 
zation, some 3000 B.C., or a litfle earlier, was clearly 
related to the development of organized threat systems 
in the shape of armies and of tax-gathering bureaucracies 
headed by kings, although the earliest cities seem to have 
been theocracies, and were organized perhaps by the 
spiritual threats of a priesthood. 

'A fundamental principle of threat systems is that the 
size of both the area and the population that cai^ be 
organized into a single s^tem by threat is a furictiop of 
the range of the instruments of threat, particularly, of 
course, of weapons. Obviously these, are by no means 
the only instruments. Ancient empires depended in con- 
siderable measure on the development of mobile armies, 
like those of Assyria or of Alexander, which were indeed 
the first "guided missiles." A critical factor here is what 
I have elsewhere called the *'loss of strength gradient." 1 
The principle is that the farther one is from home, the 
less influence one can exert. This principle expresses 
itself in the exchange system in terms of the cost of 
transporting goods and in the threat system in terms of 
the cost of transporting "bads." The diminution of this 
<H gradient, through a fall in the unit cost of transport, 
permits the development of larger organizations. 

Another factor irt the situation is the relationship* be- 
tween the development of instruments of threat, that is, 
capability of doing harm, and instruments of protection, 
' which would prevent harm being done.. Spears, arrows, 
guns, and* nuclear missiles are instruments of threat. f 
Shields, armor, walls, and bomb shelters are instruments 
of protection, which diminish the effects of the instru- 
ments of threat. Throughout human history there seems 
to be a constant seesaw between these two ^groups of 
instruments. Thf rise of technological instruments of 
threat expands the area pf threat-based organizations, a 
rise in the capacity of instruments of protection can di- 
minish it. As armies produced empires, walls produced 
city-states and feudal barons. Both instruments of threat 
and instruments of protection, however, are costly to the 
users, and their relative costs are very important. 

One of the curious consequences of the rise of science ' 
seems to be that it has accelerated the development Of 
instruments of threat more than the development of in- 
struments of protection. We see evidence of this even 
in what might fc>e called the eoscientific era of the late 
Middle Ages with the development of gunpowder, which 
improved the range of instruments of threat so consid- 
erably that the feudal castle was no Jonger a viable de- 
fense system. The feudal system collapsed and was re- 
placed by the much larger national state, the boundaries 
of which could be defended, at least in the short run, by 
mobile armies. The European empires from the fifteenth 
century on were largely a result of the extraordinary 
cheapness of sea transport, available once a certain level 



National Defense 525 

. of technology had been reached. In earlier 'timet, this 
played an important role in developing the Roman Em- 
^ pire, though land transport by Roman toads also helped.* 
The Spanish* Portuguese, later the British, French and 
Dutch empires, were temporary products of this sea- 
power technology.^ Mahan : pointed out that the American 
Revolution probably was successful because, for a brief 
period, the British lost command of the seas .to the 
French. ^ , 

Organized science played rather a minor role in this 
development, which mainly was due to improvements ' 
in what might be called "folk technology," especially 
in seafaring. However, science did play' an important 
role in the improvement of jriaps and charts, and in- the 
development of the skills of navigation, as it had done 
many centuries earlier in^the observations of latitude, 
and in the eighteenth century in the; solution of the prob- 
lem of longitude . Even the development of steam engines 
and railroads does not owe y,ejy much to organized .sci- 
ence. As, has been said, thermodynamics owed a great 
deal to the steam ertgine, but the steam engine owed very 
little to thermodynamics. The great explosion of science-^ 
based technology began about 1860 o with the develop- 
ment of the chemical and electrical industries, scientific 
metallurgy and agriculture. In, the twentieth century, it 
continued with the nuclear indifstry. 
• This upsurge of -science-based technology had an 
enormous impact on the 'technology of weaponi^, o es- 
pecially on the range and destructiveness of weapons and 
their divorce from human operations. This'has had a 
profound though confusing effect on the Structure of 
national defense. In an' age when, for the first time in 
human history a unified vyorld state has become tech- 
nologically feasible, we have seen the collapse* of em- 
pires and a great proliferation of independent national 
states, the number of which has.almost«trebled in the last 
30 years. Nuclear deterrence has been stable now since 
Hiroshima and Nagasaki, 'foMhere have been no further 
explosions (in war) of nuclear weapons. But .there is an 
overwhelming fear that this stability may not last, and 
that we are indeed sliding at an accelerating pace dqwn 
a slippery slope towards a potentially irretrievable nu- 
clear catastrophe. ( ■ 

The brutal truth is'that a science-based technology has 
made the unilateral national defense of the national state 
ultimately ,a non-viable system. As long as the nuSIear t 
weapons exist, the probability of their being used is not 
zero. No matter how low the probability of any event, 
if we wait long enough, it will coine off. My oJWn highly 
subjective estimate is that over th$ last 30 years or so 
the probability of nuclear war has been of the same order 
of magnitude as that of a* 100-year |lood, about one 
percent or less per annum. I suspect, that it rose to some- 
thing like 20 percent in the Cuban crisis aircMs edging 
upwards to two, three, foor, may&e* five percent per 
annum today. These, of course^ are subjective evalua- 
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tions, unfortunately incapable of 1>eing tested flirectly 
and, therefore, not strictly scientific, But a lot of things 
that are not scientific may .turn out to be true. 

All this evidence suggests that we are in a very strange/ 
situation, and that we are moving toward highly unfa- 
miliar regions of the system. The collapse of the old 
empires, the powerlessness of. the superpowers, and the 
many signs of the widespread erosion of the legitimacy 
of war afc £ system, indicate that we may be approaching 
a moment of profound evolutionary change. The im- 
potence of the superpowers was certainly seen injhe 
case of the United States in Vietnam, and in theconstant 
frustrations of the.Soviet UniW in its attempts to operate 
in various parts of the world, such as in Egypt and now 
in Poland. It will be surprising if the Soviet Uni6n does 
not find itself confronted with the same kind of bleeding 
abscessin Afghanistan that the United States found itself 
with in Vietnam. In Cuba, Angola, and' Ethiopia, the 
Russians find themselves with never-ending costs of sup- 

>j5oJTTifom which it is very difficult to see that they 
recede the slightest benefit. As the British, the French, 

* and the Dutch found, being an imperial power does not 
pay. These countries have all done much better econom- 
ically since vthey shucked off theii: empires. It is alsp 
likely that being a superpower does not pa^, though it 
is taking vis some time to discover this. • 

All this philosophy is reflected in thfe continual erosion 
of what might be called the militaiVethic and culture. 
This is reflected, for instance, *in war songs. The First 
World War produced a fine crop, the Second World War 
produced none, and the Vietnam War produced rtothing, 
but*anti-war songs. The tradition of military sacrifice, 
which goe$ back a very long way in human history, 
coul3 be on the point of collapse. When "the .sacrifice 
involves hundreds of ipillibns ofrcivilians, and the mil- 
itary Activity consists of/pressing a button in a $afe shel- 
ter, the'end victory does not seem worthwhile. 

•Tha lpss of an old legitimacy, howew, c^g be very 
dangerous if it is not replaced^by another, and at the 
moment, certainly neither war nor peace* seem to be 
legitimate. If the. 1980 election 3s any indication, the' 
American people still seem to believe that a military 
defense will give them security, in spite of a great deal 
of evidence to the contrary. The scientific community 
has a responsibility in this matter because it has played 
a highly significant role in creatipg the technical change 
in weaponry which has destrqyed*the unconditional vi- . 
ability even of the largest national state, just as much 
as gunpowder destroyed the viability of the feudal baron. 
Neither deterrence .nor bomh shelters caq save us in the 
long run! The technology of protection is fundamentally 
h$lple$s in Jhe face of the technology of destruction. -A 
society living in bomb shelters is oiot wor^h living in, 
quite apart from the difficulty it would have in raiSirtg 
its food supply! Present-day technology offers no solu- 
tion to<the prcfblem of civil defense, and only the Chinese 



seem to have any illusions about its feasibility. The ci- 
vilian populations of the developed world are hostages 
to their departments of defense. They are not really de- 
fended by them. This is a condition for which the sci- 
entific Community bears an inescapable responsibility 
because it has assist^ in the production of the technology 
which has created it. 

Does, then,, the scientific community have resources 
within it which can answer the accusation that it has 
contributed to the probability of destruction of the human 
race as well as to its bettermeht?*The answer to that , 
question is perhaps a somewhat hesitant ."yes." In the 
first place, the scientific community is a product of a* 
very* remarkable ethos, the origins of which are some- 
what obscure, which attaches great value to the principle 
that people should be persuaded by evidence and not by 

* threat. This renunciation of threat by the scientific com- 
munity was a very important element in its remarkable 
success at expanding human knowledge. The principle 
that the real world should Speak for itself through testing 

1 and through the evidence presented by tests was some- 
thing new in the experience of the human race. All pre- 
vious societies relied *upo^ threat to insure conformity j 
of belief and practice. It is surprising how little under/ 
standing therp is of this basic principle even within ttje 
scientific community, for it is practiced widely, although 
with Occasional exceptions at the personal •level. For 

/ example, in graduate schools, the unusually imaginative 
and creative graduate student wh* disagrees with the 
views of his professors may find himself subject to a 
threat sys'tem when it comes to his final examinations. 
This, however, is an exception, and on the whole, the 
renunciation of threat, particularly among peers, is per- 
haps toe basic ethical commitment of the scientific com- 
munity. If a "scientist cannot persuade, his peers of the 
trufh of his views by thd* evidence presented, he has no 
other rec&urse. * . 

It is to^rny mind a gross violation of the scientific* ethic 
to do what the Soviet 7 Uniorr did in its relations tfith 
China after 1960 and what the United States is now doing 
in regard to its relations with the SdViet Union. Both 
countries are using science as part of the^polihcal threat 
system by withdrawing scientific contacts and commu- 
nication. It is .to the gre^t credit of th6 Soviet scientific 

* community that it produced a Sakhag>v. It is no credit 
at all to the American scientific community that it does 
not seem to have produced one. Nevertheless, the sci- 
entific community ha§*a large reserve of what might be 
called the "moral resource/ ' In serial systems this re- 
source is just as important and just'as real as natural 

* resources- * * ' 

* The scientific community, however, has more than 
this, In the last 30 years or so there, has developed a 
•considerable literature and something that could properly 
be called a discipline in a field which is so new thateven 
its nWe.has not be^n firmly established. I like to call 
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it "conflict studies." The French call it ''polemologies 
It has gotten to the point where at least 80 colleges^offer 
something like an interdisciplinary program in it for un- 
dergraduates. Conflict studies .is* still very precariously 
' established at the graduate level, though there are a num- 
ber of institutions around thelvorid that do offer a .grad- 
uate program in it. In its applied form it sometimes goes 
by the name of peace research or peace science, but in 
its more pure form it transcends the political and ethical 
distinction between hawks and doves* In its applied form 

* it goes well beyond the problem of international conflict 
and makes contributions indeed to such things as Arbi- 
tration, conciliation, and mediation in commercial and 
labor disputes and community conflict. The existence of 

* the discipline is at least partially acknowledged rn the 
congressional commission set up in' 1980 to study the 

vformation of a National Academy of Peace and Conflict 
Resolution. If such an academy comes into being, it will, 
of course, be a public recognition of the existence of the 
new discipline. 

- Tfife new discipline comes out of all the older' social . 
sciences. Historically, it owes a great deal to the work 
of political scientist and historian Quincy Wright and to 
meteorologist Lewis F. Richardson. 3 The discipline , 
which it perhaps most closely resembles is, economics, 
for just as economics abstracts from the com pl exity of 
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systems of the past and the way they have been managed. 

e There is need for a much better information system to 
assess the consequences of threats, ^nd even the descrip- 
tion of them. . 

One of the gceat problems witl( the threat system *is 
that its information processes »and feedbacks are ex- 
tremely poor even in comparison to the processes and 
feedbacks of the exchange system. In exchange we usu- 
ally know fairly well what the/exchange opportunities 
are which are open to us, thousands of prices are quoted 
daily in the press. The consecjuences of exchange are 

^a^ways somewhat uncertain, and exchange not infre^ 
quently results in disappointnjfcrts, from which,* how- 
ever, we often le'arn rather rapidly. Once we have bought 
one lemon, we tend not to buy at least the^same one 
again. In threat >xstems, hoWever, the actual nature of 
the threats which are made are extremely uncertain and 
the consequences of making them are even less certain. 
Threat ma^ convey one image to the threatened and a 
completely different image to the threatened, of which 
^he threatener is not aware.. Under these circumstances, 
it is not surprising that threat systems exhibit such strik- v 
ing pathologies and cause an enormous amount of human 
.misery. An improved information system with regard to 
threats is surely possible, Even though it is by no means 
easy. Just as we-haVfe substantially improved the mfor- 



social life the phenomenon of exchange and related top- 
ics and irftjujrtfs how exchange organizes society, conflict 
studies 'Abstracts' the phenomenon of conflict, which 
again is virtually universal in all social relationships, and 
studies how Jhjs organizes society. Just as economics 
foas had an important effect on public policy — not all of 
itSiecessarily benign — over the last 200 years, from free 
trade to fiscal and monetary policy, so conflict studies 
might be' expected to haW substantial effect on the way 
conflict is conducted in order to lower the costs of con- 
flict to all parties. Conflict prdcesses aire strongly sus- 
ceptible to what might be called "perverse dynamips," 

Jhat is, processes in which rational decisions on the part 
of each party in fact make*each party worse off. The 
famous theoretical* treatment of this is the "prisoner's 

1 dilemma'' of g&me theory, which has received a gre^at 
deal of study in reepjit years. To those who are familiar 
with it, the theory c?an hardly help but make a difference 
in the way^they behave in conflict situations. 

Laolyng .now., at possible contributions over the next 
five years', perhaps the most' optimistic spen&io of the 
present conflict environment would be like that with the 
Soviet Union in the Cuban crisis, in wftich we will mov©* 
towards the cliff of nuclear war and then tup bspk from 
it. This should arouse interest in the scientific study of 

conflict systems, but more particularly, it should arouse 
interest on the applied side in the study of the manage- 
menf of threat systems, which is something'that has been 
greatly neglected, even in conflict studies. First, there 
is a great fieed for careful historical -analysis of threat 
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mation system in economics over the last 50 years, with 
the' development of national income statistics and indices , 
of various kinds, we caij'improve the information system 
in threat stud^. 

The study of weapons systems and thetr development 
has grossly neglected tne place of weapons *n the general 
.threat system. The stud}' has also overlooked the fact 
th^t a, weapon is not /merely a physical system but that 
it is also part pf the social system. In physical terms, we 
have overkill in table knives. We certainly have enough 
taBle knives to kill everybody in the world if they fitted 
into a social systeny which demanded it, but a table A knife 
oijly becomes ia weapon on very rare occasions. It is at 
least a plausibte hypothesis that we have now gotten to 
the point where every improvement in weaponry lessens 
our-sfcurity and/lowers our chance for survival. How 
to test this hypothesis Without waiting for our destruction^ 
is a difficult question. However, it is npt an unworthy 
question for scientists to ask. 

As we iodk at possible/futures, some scenarios offer 
hope* One is the development of general and complete 
disarmament-through a world state. This might come 
about either by a -strengthening of the United Nations, 
which seems improbable at 'the moment, or by what 
seems even more improbable — the conquest of the world 
by a single/country. Neither of these possibilities seems 
very hopeful. There is; however, another alternative, 
which is less drlstic but more^realistic — the development 
of expat/ding regions of stable peace. Stable peace is a 
phenomenon which was -virtually unknown befon* the 
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nineteenth century. After 1815, however, ^developed 
in Scandinavia, and after perhaps 1870, it developed in 
North America. I think we can say it has now expanded 
to include Western Europe and Japan. Wq could almost 
think of a broad triangle of "the globe with apices at 
Japan. Australia, and Sweden that is in tbe phase of 

stable peace. This phase of the international system in- ? " skeptical about the payoffs there, but jt % would be worth 



tential alternative. A progratfi'of research along these 
lines, there/ore, fs by no means Utopian. It would involve 
theoretical, experimental, and historical research. A 
great deal needs to be done on the thecjk of threat sys- 
tems. Something could be done through experimental 
social psychology. I confess I am personally a little 



volves first taking national frontiers off all agendas, ex- - 
cept for mutually agreed adjustments. This leads to dis- 
armed frontiers and national images which are consistent . 
with each other. The probability of war 4 between the e 
constituent nations then becomes -so small that it really 
does not enter into anybody's calculations. Stable peace . 
is not the same as an alliance. Indeed, alliances against - 
a common enemy do not produce stable peace, for botji 
alliances and enmities shift. The allies of today become 
the enemies of tomorrow. This is .not to deny that a* 
common threat somewhefe^n.the background may be 
a factor moving a group of nations into stable jreace, but 
it is never the dominant factor. 

The potentiality for stable peace unquestionably comes ( 
•out of the extraordinary increase in productivity that has 
resulted from science-based technology. Jhiyephnology 
has enormously diminished the comparative ^advantage*, 
of the thr«a| systenras a source of wealth when compared t 
to productivity." aoa exchange. In a technologicfell^s.tag-* 
,nant so%*£ likftthe Ronian^mpir^, the econoiW&gains ; 
of the^tjjteaf system throi^r conquest and f^no|F may 



trying. Principally, I would argue that the empirical re- 4 
search here has Jo be historical^ A large-scale study of 
the history of threat systems, with thfc testing of a group 
of theoretical hypotheses iri mind, would, it seems to 
me, pa^ off very substantially. If indeed the 'National 
Academy of Peace and Conflict Resolution is estab- 
. lished, I would suggest' that this^ should be its major 
priority. 
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SUMMARY OF THE DISCUSSION 

Even though we did not use.the term "scientific revo- 
lution," all the discussants agreed that what I am pro- ' 
posing is 'a very basic change in the parameters of the 
system of national defense. They agreed it was legitimate 
to raise this question and that the hypothesis was at least 
plausibly that such a parametric change was in order, in 
view of my contention that technological change, par- 
ticularly the enormous increa3e in the range and destruc- 
tivenesswf the guided missile, had made conventional 
have seemed attractive inlffea&seil& of any teclffltyog^ ~ Unilateral national defense unworkable in the long run. 
ical <Ievelopmen$In the kfef 150,or 2Q0,ye^however, ; .The discussants also felt, however, and I agreed with 
it has become very clear 'tfet wi)h the e%9rt*antt%,ccsfc ; ttjetn, that I.ha£not dealt with the shorter-run problems, 
required to extract one dollar from aq exploifed hunflfr * ^particularly with the Rroblem of transition from the ex- 
being- through the threat system, one could extract $S ^ting sj&enynto one that was ultimately more viable. 
■ out of nature. The rise of the rich countfies to wfctfth % Dr. Wayne Bert wade the pointer instance, that people 
the last 150 years has not primarily been the result of * 'impositions of political power in almost all nations do, 
exploiting the poor, but of the^previously'poor increasing * . in Fact, feeP threatened by theunilateral national defense 



their own productivity. Without this, it may well be mat 
the conditions for stable peace might not have been\{fr 
veloped. Jlowfever, just because the underling copdi- ' 
tions exis^ifees not necessarily mean'ihat the interna- , 
tional system itself will move toward^stable peace. This 
requires either a set of lucky accidents, which I think 
was the case in North America, or perhaps in the future,* 
a conscious and deliberate policy directed toward pro- 
ducing it. v . ^ 

The question as to whether a research program could 
be set up in this area obviously depends on whether,, 
people perceive this phenomenon as" belohang to the^ 
real world or whether they think that a continuation of 
the present system of unstable peace, is inevitable and 
unchangeable. It is difficult indeed for. people ^ac- 
knowledge that an institution like unilateral national de-. 
fense, which is so ancient and so well established, is in 
fact coming to an end because of technical change. Even 
if the, bulk of the scientific community is not willing to 
acknowledge .this, there still may be support for a po^ 
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establishments. In other words, Ihey fear* the armed 
' forces, and 'the political apparatus for dedaing to use _ 
them, which .exist jn other countries. The only response 
they can think of to this threat & to set Up a unilateral 
national ^defense Organization of their own, perhaps as 
ounterthreat. Nobody actually brought up the old 
Roman slogan, "S/'vw pacem pare bellum." (If you 
wish for peace, prepareffor war.) But it is^clear that much 
of the motivation whidy creates unilateral national de- 
fense' organizations and which persuades scientists and 
many .people of good will to go into them and support 
them js, an ineradicable fear that their nation or society 
will be invaded, humiliated, or even destroyed by the 
unilateral national organizations "of others, unless they 
have one of'their own large enough to operate as a 
counterthreat. % ' * 

Tfie historical fact that preparing 'for war has veiy 
rarely, if ever, insured peace-r-Sweden in the last 300 
'years is about the- only example that I can think of that 
is even plausible — either fails to rise into consciousness, 
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or the fact that the price of unilateral national defense 
is ^occasional war is simply accepted as a cost which is 
worth the benefits derived from continued national ex- 
istence and integrity. Before the, development of~the 
long-range nuclear missile, indeed, the above positfon 
was a very 'plausible interpretation of the condition of 
the world. This is not the first time in humdn history, 
however, that technical change has made a previous so- 
cial orientation unviable. As I mentioned earlier in this 
paper, the impact of efficient cannon on the feudal system 
is a case in point. The scientific revolution and science^ 
based technology destroyed both the economic and the 
political viability of slavery ,-althotighjLLXook i long time 
to get the slave societies to recognize this. However, the 
question raised^by Dr. Bert is a crucial one. It wx>uld 
^involve a program of research in the field of transfor- 
mation of human images of fact and value under pressure 
from the "real world," \|hich at the moment we are 
. poorly equipped to perform, but which is by no meails 
beyond the capacity of the social science community. 
* Dr. Davis Bobrow raised some extremely penetrating 
questions, which *also came-up in the discussio^, as to 
how the future of national defense related to the other 
topics of the symposium, particularly to the problems 
of population, resource exhaustion, and distribution of 
world development that were treated in other papers. 
There is a very important field of inquiry here. If we 
think of the international system as a system of "stress 
-and strength," we can k compare it to a complex network 
of rods, that occasionally "break" into war. If the' 
strength of the system is greater than the stress orr it, the 
rods do not break and there is peace. When the stress 
is greater than the strength, the rods break and there is 
war The term "national strength" is often actually a 
factor m the stress that is placed on the system" rather , 
than a strength of it. An increase in national strength 
often increases the stress on the system* 

Thenlhequestion arises, what do other large dynamic 
systems of population, resource exhaustion, economic 
development, and so on, do to the real strength of the 
. world defense systems, 01*10 the stresses on them? Will 
differential population growth, increasing povferty, and 
exhaustion of resources increase the stress? Do mlilti- 
national corporations increase the strength of the system 
in the sehse that they are profoundly interested in the 
maintenance of peace? Things like cultural e xchan ge, 
scientific cooperation, and even tourism, may fl^ase 
the strength-df the system. The measurement problems 
here are extremely difficult. Nevertheless, the concepts 
are fairly clear, and one could certainly visualize a re- 
search program directed toward the impact of all the 
various facets of social dynamics on the overall strength 
and strain of the international system. This has rarely/ 
if ever, been done. «• 

Dr. Bobrow also suggested that useful work could be 
done with regard to a conceptual framework, which I 
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had some hand in originating, but, which was not men* 
, tioned in the paper. This deals with the various "phase 
descriptions" of the international system and thp cir- 
cumstances which move the system from one phase into 
another. In two previous works 4 1 outline four possible 
pha&s of the international system.. The first is "stable 
war," which actually is not too common in human his- 
tory but is by no means unknown. The second is ""un- 
stable «war," in which war is regarded as the norm but 
is interrupted by, periods of peace, brought about by 
treaties, royal marriages, and the like. As the intervals 
of peace become longer, this phase passes, often im- 
perceptibly with no very clear boundary, into a third 
phase of "unstable peace," in which peace is regarded 
as^ the .norm but is interrupted by periods of war.*The 
ostensible object of this phase is to restore peace, of 
course on terms favorable to the victor. ^And then, as I 
argue in the paper, since 1815 at least in some areas this 
has passed over into areas of " stable *peace," in which 
the probability of war is extremely low, even between 
^independent states. 

Dr. Bobrow argues that in any^appraisal of research 
and development, particularly technofogicaj develop- 
ment,Mn. weaponry, for mstance^the question of whether 
the change may shift the system from one phase to a 
more adverse phase should constantly be raised, i would 
go even further and suggest that in a sense these phases^ 
are related to the stress-strength model ..In stable war the" 
strength of the system is virtually zero, any stress .results 
in war. As we move from unstable war into unstable 
peace, the strength oTffig' system, relative* to the stress, 
increases. As we. move into stable peace, the strength 
of the system becomes so great that the stress never rises 
to the point where the system breaks. The research prob^ 
lem here actually has curious parcels to the problems 
involved in non-dtfstructive testing. A* system break is 
'destructive testing of the relative -stress and strength of \ 
the system. When the system is broken, we know that 
the stress is greater than the strength. Any increase in 
^ nofi-destructive testing would presumably create feed- 
"back systems which would lessen the possibility of de- 
structive testing. The information and measurement 
^problems here are very severe, but this should be a chal- 
lenge^ to the scientific community to vigorously pursue 
the enterprise rather than to abandon it. m 

Dr. Bobrow raises the very important short T run ques- * 
tion of whether the development of first-saike capability 
in either the United States or the Soviet Union, or both, 
lessens the strength of the system, makes catastrophic 
war nfore probable, diminishes our security, and moves 
us from the not-too-unstable peace that we now have 
into a much less stable peace. This question should cer- 
tainly be an objective of any research into weapons ap- 
praisal. He also raisesjthe question pf the relationship 
between the ability .to fight a conventional war and the 
probability of nuclear war. This also would seem to be 
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a veryukgitimate subject of short-run research, though 
I am not sure myself what the outcome would be. Cer-"^ 
tainly our inability to fight a revolutionary guerrilla-type 
war in Vietnam only slightly increased the probability 
of nuclear war with the Soviet Union. Furthermore, there 
is a very general •delegitimationjpf what might be called 
"colonial war" that makes it extremely difficult to pur- 
sue on&to any politically successful conclusion, •although 
iUmay take a few more examples before "people are per- 
suaded of this.- An ability on the part of the United States . . • 
to invade and conquer Iran would almost certainly in- 
crease the probability of nuclear war with the Soviet 
Union. This should certainly be a subject of j^earch. 

Dr. Bobrow's essential point, as 1 understand it, is 
that we cannot answer the question of how we get world- 
wide stable-peace immediately, but what we c£rl do is> 
ask ourselves what changes in scientific knowledge and', 
technology, and even in weapons technology, will rrmve 
the system toward increasing the probability of peace 
and diminishing'that of war. This seems to be a very 
sound point of*view" even in the short run. 

Dr, Bobrpw also suggested Hhat a paper of a very t 
different kind could be written that would stay within 
the existing "normal science" framework in treating 
natiqnal defense. It might be that this could be done,' but 
I could not do it. v * : 

Another important point which Dr. Bobrow makes is 
the necessity for studying the decision-making processes 
of national states with regard to unilateral national de- 
fense. T agree very strongly with this in spite of the . 
difficulties that are involved. He also makes the ex-^ 
tremely interesting point that, whereas theaime horizon „ 
on'technicaf innovations, particularly in the defense, 
field, is apt to be from 20 to 60 years, our tima. horizon 
in social, econtwhic, and political prediction^ is very 
much' less than this. He suggests from i to 8 years- 
even 8 years, seems optimistic to me. Unfortunately, I 
see no. answer to this problem. Socialsysterns are quite 
inherently unpredictable because of theiact that deci- 
sions are very frequently affected by quite random fac- 
tors. They are also unpredictable because of our inherent 
inability to predict thfe future^of knowledge, or even of 
technology. If we (iould predict it, we* would have dis- 
covered it by, now. Information has to be surprising or 
it is not information. In social systems, information dom- 
inates the whole system and is merely modified by me- 
chanical regularities. These considerations would sug- 
gest, however, that research and development in national 
defense are.quite inherently pathological; that they, can- 
not contribute to our security and must diminish iu If 
this is so, the'urgency of finding ^ substitute becorrks 
all the greater* 

Dr. Coleman made some useful specific points which 
I have incorporated in the revision of the original paper. 
He again emphasizes tfce point that the Department of 
Defense operates essentially in the short run and that its 



demands for research and development are largely gov- 
erned by this. In reply, I would argue that I think any 
short : run program must be made in t|ie light of long-run 
probabilities, ,and that if thes£ probabilities rise to a cer- 
tainty of total catastrophe, there is no point in short-run " 
optimization. This indeed wo'Uld be * 'sub-optimization," 
that is, finding the best -way of doing something that 
should not be done at all. "Sub-optimization" is one of 
the major sources of bad decisions in any field of human 
life. 

Dr. Stieff also made some excellent textual points, 
some of which I have tried to incorporate. He felt that 
the, whole point of view was too unfamiliar to most 
people to be readily understcfod. He also felt the need 
for expanding many of the ideas in the paper, particularly 
the concept of the threat system and of the instability of 
deterrence. His critiQism would suggest the need for a 
substantial research project' on threat systems in both 
international and domestic society, and I would certair^y 
endorse the need for this. % •' 
' Dr. Scribner shared many of Dr. Stieffs concerns, 
and raised the question of whether any assessment of 
new weapons should be # dontf by an integrated group, 
which would include social scientists as well as physical 
scientists and engineers, to look at the impact on ttfe 
total wbrld^Social system. He^dso was concerned about 
how to translate these rather pnfamiliar ideas into lan- 
guage that would be comprehensible to a wider audience. 
He was struck with the need for the study of the legiti- 
mation of threat systeips. 

One problem that did not come up in the discussion' 
was that oRhe economic impact of the "war industry. " 
A good 1 deal of work has been done on this subject over 
^the past 25 years, and there is fairly broad consensus 
that this is by no means an insoluble problem. The 
American economy especially is remarkably flexible; 
there is no sense* in which a large war industry is nec- 
essary to produce full employment. Iri 1945-1946 we 
shifted about 30 percent of the economy from the war 
industry .into civilian jJroducfior\ without unemployment 
risjng above 3 percent. In the early 1960s a fairly sharp 
reduction in the war industry (from about 9 percent to 
7 percent of the Gross National Product [GNPJ) was 
'accompanied by an appreciable reduction irf ^employ- 
ment. In fact, the war industry— which has averaged 
£bout 1 percent of GNP in the' past 25 .years— has been 
a severe curSHative drain on the Americah economy, 
even greater in qualitatjj/e terms than the ^percent would 
suggest because of its high technology. The loss repre- 
sents §n internal brain-jirain that probably accounts for 
a significant part of the relatively poor growth perform- 
ance of the American econdmy during tjiis period. ' 

A more difficult^problem, which- also did -not .come 
up, is the threat to the military subculture itself that the 
crisis in unilateral national defense implies. This threat 
is somewhat parallel to the crisis in religious subcultures 
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that the rise of science created. Such threats are under- 
standably shaiply resisted, and creative adaptation to 
them is the key to survival. The potentiality for the trans- 
formation of military subcultures, such as is suggested, 
for instance, in Michael Harbottle's remarkable study of 
theJJnited Nations' forces in Cyprus, The Impartial Sol- 
dier, is Worthy of mucl) serious study. 5 

In a larger context, national "defense"' must be seen 
as part of a segment of the total world dynamic system 
which is concerned with the prevention of unwanted 
cfctage. The social sciences in their normative mode 
have concentrated so much on the achievement of wanted 
change that they have almost totally neglected the prob- 
lem of defence against unwanted change. This is unfor- 

Preferences 

1, Kenneth E Bdulding, Conflict and Defense (New York H$)er, 
1962) . - 

2 Alfred Thayer Ma nan, The Major Operations of the Navtes in the 
War of A mencatulndependence (1913, reprinted 1 969) . 



tunate, for such a defense easily becomes pathological, 
as the psychological term "defense mechanisms" sug- 
* gests. Nevertheless, defense in this sense is an entirely 
, legitimate, and indeed a most important, problem in -all 
areas of human life and interaction. The direction of the 
social sciences toward this kind of defense would be a 
most valuable widening of their agendas. 

If indeed one dominant conclusion emerges from this 
discussion, it lTthat the agendas in the study of defense 
must be widened, and that the scientific isolation of the 
national defense establishment must be broken down. 
Otherwise, we are likely to continue to slide* down a 
slippery slfy>e toward the cliff of irretrievable disaster 
in major nuclear war. 

: fr-C=> 

3 Quincy Wnght, A Study of War, 2 vols. (Chicago University of 
Chicago Press, 1942), and Lewis F Richardson, Arms and Insecurity 
(Chicago. Quadrangle Books, 1960) 

4. Kenneth E Boulding, Conflict and Defense (New York. Harper, 
1962); and Stable Peace (Austin. University of' Texas Press. 1978) 
*5. Michael Harbottle, The* Impartial Soldier (London. Oxford Uni- 
versity Press, 1970). * ^ 



-J 



.* 



ACKNOWLEDGEMENTS 



T 



r 



■ ERIC 



1 



^0 



5 



Advisory Committee 



The Honorable Ray thornton 

{chairman)* 
President * - 
Arkansas State Univ%rsity 
Jonesboro, Arkansas 

Dr. R. Darryl Banks 
Executive Assistant 
Orfice of Research and 
^Development 

U.S. Environmental Protection 

Agency ' 
Washington, DC 

Dr. William A. Blanpied 
Director **> 
Office of Special Projects 
National 'Science -Foundation 
Washington, DC 

Dr. Kenneth E, Boulflirig 
Distinguished Professor of Eco- 
nomics, Emeritus 
Institute of Behavioral Science 
University of Colorado 
Boulder, ColSjaddfi x 

Dr.'StotheP.Kezios 
Chairman 

Department of Mechanical 

Engineering 
Georgia Institute of Technology 
Atlanta Georgia 

Dr. Melvin Kranzberg 
(e^ officio) 2 



Callaway Professor of the His- 
, tory of Technology 

Georgia Institute of Technology 
Atlanta, Georgia 

Dr. Patricia McFate 

Deputy Chairman 

National Endowment for the 

Humanities 
Washington, DC 

* * 

Mr. Rodney W. Nichols 
Executive Vice President 
The Rockefeller University 
New York, New York 

Dr. Pauline Newman 
Director 

Patent and Licensing Department 
FMC Corporation 

Philadelphia, Pennsylvania 
«* 

Dr. John F. Sherman 
Vice President 

Association of American Med- 
ical Colleges I 
Washington, DC' 

Dr. Albert tt. Teich 

(project director) 
Manager, Science Policy Studies 
American Association for the 

Advancement of Science 
Washington, DC ^ 



'Ojairman, AAAS Committee on Science* Engineering and Public Policy, January 198I-. 
c 2 Chairman, AAAS Committee on Science. Engineering and Public Policy. January 
O 7M«miary 1081. * 7 




Workshop Participants 



WORKSHOP I; SCIENCE, TECHNOLOGY, 
INTERNATIONAL SECURITY 

Wayne Beit 

International Security Affairs 
* Department of Defense 
The Pentagon * 
4 Washington, DC 20301 

Davis Bobrow ^ 
Professor t * * 

Department of Government and 

Politics 
University of Maryland 
} College Park, MD 20742 

<^ Kenneth "E. Boulding 

Distigguished Professor of Eco- 
nomics, Emeritus ^ 
Institute of Behaviotal Science * 
University ofaoloiido j||f" 
Boulder, CO 80309 

William^C. Burrows 
Agronomist % 
John Deere and Company Tech* 

nical. Center 
Moline, IL 61265 

~* Ronald M. Canon 

Chemical Technology Division 
Oak Ridge National Laboratory 
' P.O. Box X 
Oak Ridge, TN 37830 



AND « John Coleman 

Senior Consultant 
Five Year Outlook Project 
National Academy of Sciences 
2101 Constitution Ave., NW 
Washington, DC 20418 

Ramon E. Daubon 
Population and Development 
^Policy Program 
Battelle Jtfemorial Institute 
• * 2030* M St., NW 

, Washington, DC 20036 

Charles S. Dennison 
Executive Director 
Council on Science and Tech- 
* nology for Development 
^ 2010 Massachusetts Ave., NW 

Washington, DC »036 

Stanislaus/. Dundon 
Congressional Science an,d En- 
gineering Fellow 
American Philosophical 
Association 

* I Office of Re presenta tive George 

Brown 

U.S. House of Representatives 
Washington, DC 20515 



ERIC 



537 



152 



v - 



538 ACKNOWLEDGEMENTS 

Tomas Frejka 

Senior Researcher 

Population Council 

One Dag Hainmerskjold Plaza 

883 Second Ave. • 

New York, OT 10017 

James Henderson 
Chairman 

Division of Natural Sciences 
Carver Research Laboratories 
Tuskegee Institute 
Tuskegee, AL 36088 

Christopher T. Hifl 
Senior Research Associate 
Center for Policy Alternatives 
Massachusetts Institute of 

Technology 
Cambridge, MA 02139 

Vicki KUlian (Staff) 
Consultant 
5 Cleveland Ave. 
' Takoma Park, MD 20012 

Alan Leshner . * 
Five Year Outlook Program 

Manager 
Office of Sftecial Projects 
National, Science Foundation 
Washington, DC 20550 

Barbara Lucas & 
•Policy Analyst 

Division of Policy Research and 

Analysis 
.National Science Foundation , 
Washington, DC 20550 

Melinda Meade 

Associate Professor 
-Department of Geography 
• University of North Carolina 

Chapel MlfNC 27514 

William Mills 
Senior Staff Member 
Office ot; Technology 

Assessment 
U.S. Congress 
Washington, DC 20510 

Kathleen Newland 
Senior Researcher 
Worjdwatch Institute 
1776 Massachusetts Ave., NW 
Washington, DC 20036 

PefrjOram" , » 

^Cfeputy Director 

~ International Food policy Re- 
search Institute 
W76 Massachusetts Ave., NW 
Washington. DC 2003 6 ^ 



Jill Pace (Staff) 

Officcof Public Sector Programs 

American Association for the 

Advancement of Science 
1776 Massachusetts Ave., NW 
• Washington, DC 20036 



Ginger Payne (Staff) 

Office of Public Sector Programs 

American Association for the 

Advancement of Science 
1776 Massachusetts Ave., NW 
Washington, DC 20036' 

Richard Scribner , 

Science and Policy Programs 

Manager 
American Association for" the 

Advancement of Science 
1776 Massachusetts Ave., NW 
Washington, DC 20036 
Eugene B. Skolnikoff 
Director 

Center for International Studies 
Massachusetts Institute of 

Technology 
* Cambridge, MA 02142 

Lorin R. Stieff 
President 

Stieff Research and 

Development 
P.O. Box 263 
Kensington, MD 20795 

Conrad Taeuber 

Associate Director 

Center for Population Research 

Georgetown University . 

Washington, DC 2tit)57 • 

Albert H. Teich & (Project 

Director) 
Manager, Science Policy Studies 
American Association for the 

Advancement of Science 
1776 Massachusetts Ave., NW 
Washington, DC 20036 

Michael Teitelbaum 

Program Officer 
- Population Office 
*The Ford Foundation 

320 E. 43rd St. 
. New York, NY 10017 

Ray Thornton (Chairman) 

President 

Arkansas State University 
State University MR 72467 

Irene Tinker 
Director 

Equity Policy Center 
1302 18th St., NW 
Washington, DC 20036 

William Vogely 
Professor 

Department of Mineral 
1 Economics 

Pennsylvania State University 



University Park, PA 16802. 
Charles Weiss 

Science and Technology Advisor 
World Banl^ 
701 19ufSt,-NW 
Washington, DC 20433 



ERLC 



153 



* 4 



Sylvan Wittwer 
Director 

Agricultural Experiment Station 
Michigan State University/ 
East Lansing, MI 48824 

Catherine E. Woteki 
Group Leader 

Food and Diet ^ppraisal 

Research * / 
Science and Education 

Administration * ' 

U.S. Department of Agriculture 
Hyattsville, MD 20782 ' 

Christopher Wright 
.Science Policy Staff Member 
Carnegie Institution _of 
* Washington 
1530 P St . NW 
Washington. DC 20005 



WORKSHOP II: APPLYING SCIENCE^ND 
TECHNOLOGY TO PUBLIC PURPOSES ' 

William J. Abemathy 
Professor 

Harvard Business School 
Boston, MA 02163, 



resident 
:i/s 



Willis Adcock 
Assistant Vice 
Texas Instrume 
Dallas, TX 75265 

R. Darryl Banks 

Executive Assistant 

Office of Research and 

Development 
U.S. Environmental Protection 
^N^Agencx 
Washington. DC 204*60 

William J. iFarrell 

Associate. Vice President for 

Educational Development and 

Research 
University of Iowa 
Iowa City, IA 52242 

Herbert I. Fusfeld ' 
Director 

Center for Science and Tech- 
nology Policy f 
New York University ' 
New York, NY 10012 

Denos C; Gazis * 
Assistant f&rector , M 
_€omputer-S&eirce- Department -- 



IBM Research Center 
Yorktown Heights, NY 10598 

Robert Gillespie » 
Vice Provost for Computing' 
University of Washington 
Seattle, WA 98105 



RichanJ Goldstein 

Department of Microbiology anHSI 

Molecular Genetics . 
Harvard Medical School 
Boston, MA 02115 

William Hamilton 
Professor 

Management and Technology 

Program 
University of Pennsylvania 
Philadelphia, PA 19104 

Donald J. Hillman m 
Director ' ' 

Center^ for Information and 

Computer Science 
Lehigh University 
Bethlehem, PA 18015 
Irving S. Johnson 
Vice President 
Lilly Research Laboratories 
Eh Lilly and Company „ 
Indianapolis, IN 46285 n 
Nathan J. Karen, 
Clement Associates, Inc. 
Scientific Regulatory 

Consultants r 

1010 Wisconsin Ave., N\V 

Washington. DC 20007 y 
* / 
Julia Graham Lear 

Deputy Director 
Community Hospital Program 
School of Medicine 
Georgetown University 
% Washington^DC 20007 
Alan Leshner 

Five Year Outlook Program 

Manager 
Office of Special Projects 
National Science Foundation 
Washington, DC 20550 

John M. Logsdon 
Director 

Graduate Program m Science, 
Technology and Public Policy 
George Washington University 
Washington, DC 20052 

Leah M. Lowenstein 
Associate Dean 
School of Medicine 
Boston University 
Boston, MA 021 18 

William W. Lowrance « 
Senior Fellow and Director 
Life Sciences and Public Policy 

Program » 
Rockefeller Univ ersity - 



ERJC 



1230 York Ave. 
. New.York, NY 10021 

Allan C. Mazur 
Professor 

Social Science Program 
Syracuse University 
Syracuse, NY 13210 



154 



540 ACKNOWLEDGEMENTS 



Granger Morgan 

Professor /, 
Department of Engineering and / 

Public Policy 
Carnegie-Mellon University * 
Pittsburgh, PA 15213 " 

Pauline Newman 
Director 

Patent and Licensing Department * 
FMC Corporation 
Philadelphia, PA 19^3 

Jill Pace (Staff) * 
Office of Public Sector Programs 
American Association for the 
_ Advancement of Science. . 
1776 Massachusetts Ave., NW 
Washington, DC 20036 

Ginger Payne (Staff) 

Office of Public Sector Programs 

American Association for the 

Advancement of Science 
1776 Massachusetts Ave., NW 
Washington, DC 20036 

Gail Pesyna 
» President's Commission on a 
National Agenda for the^- 
Eighties * 

Washington, DC 20006 
current address: 

Central Research and Devel- 
opment Department 

E.I. duPont de Nemours, Inc. 

Wilmington, DE 19898 
<& 

Richard A. Rettig 
Senior Social Scientist 
RAND Corporation 
2100 M St.", NW . 
Washington, DC 20037 " 

Henry Riecken 
' Senior Program Advisor 
National Library of Medicine 
Bethesda, MD 20209 

5. David Roessner 
Professor 

School of Social Sciences 
' Georgia Institute of Technology 
—^AtlantarGA 30332 



Jane Setlow 
Biology Department 
Brookhaven National Laboratory 
Upton, NY 11973 

' Vincent F. Simmon 

Vice President for Technical 
f Operations * 

Genex Corporation Laboratories 

12300 Washington Ave. 

Rockville, MD 20852 

Kenneth Solomon o 

9 

Engineering and Applied Sci- 
ence Department 
RAND Corporation 
Santo Monica, CA 90406 

Albert H. Teich (Project 

Director) 
Manager, Science Policy Studies 
American Association for the 

Advancement of Science 
1776 Massachusetts Ave., NW 
Washington, DC 20036 

Ray Trjopiton (Chairman) 
President 

Arkansas State University 
State UniversityrA-R 72467 

James W. Vaupel 
Professor 
* Departments of Public Policy 

Studies and Business 

Administration 
Duke University 
Durham, NC 27705 % 

Charles Weinef 
Professor of History of Science 
» and Technology 
Massachusetts Institute of 

Technology 
Cambridge, MA 02139 

Karl Willenbrock 

Cecil H. Green Professor of 
Engineering » 

School of Engineering and Ap- 
plied Sciences 

Southern Methodist University 

Dallas, TX 75275 



Richard S. Rosenbloom 
David Sarnoff Professor of 

Business Administration 
Harvard Business School 
Boston, MA 02163 



1 55 



ERIC * 



Membership of Comrnittee. on Science, 
Engineering, and Public Policy (COSEPP) 



The Honorable Ray Thornton 
0983) . * *- 

(chairman) 

President 

Arkansas State University 
State University, Arkansas 

Dr R. Daxryl Banks (1983) 

Executive Assistant 

Office of Research and 

Development 
U.S. Environmental Protection 

Agency 
Washington, DC 

Dr. Eloisc E. Clarlc(1983) 
; — - (Board Representative)" ' ~~~Z 
National Science Foundation 
Washington, DC 

Dr. Gerald P. Dinneen (1983) 
Vice President, JScience and 

Technology 
Honeywell, Inc. 
Minneapolis, Minnesota 

Dr. Phyllis Kahn (1984) 
Member, Minnesota House of 

Representatives 
St. Paul, Minnesota 



Ms. Patncia S. Curtm /Staff Representative, A A AS, Washington, DC * 
Note: Touts expire on the last day of the AmaJ . Meeting of the year indicated in pwtririniu, 



Dr. Melvin Kranzberg (1982) 
Callaway Professor of the His- 
' tory of Technology 
Georgia Institute of Technology 
Atlanta, Georgia - 

Dr. WesleyA. Kuhrt(1982) 
Vice President, Technology 
United Technologies 

Corporation 
Hartford, Connecticut 

V Dr, Patricia McFate (1982) 
Deputy Chairman^ • , 

National Endowment for the 

Humanities 
Washington, DC - 

Dr. Blaine C. McKusick (1983) 
Haskeft Laboratory . fQr Toxi- 
. cology and Industrial 
I Medicine 
E.I. du Pont de Nemours & Co. 
Wilmington j Delaware 

Dr. Edwin Mansfield (1984) 
Department of Economics 
University of Pennsylvania , 
Philadelphia, Pennsylvania, 



54J ACKNOWLEDGEMENTS 

Mr. Rodney W. Nichols (1983) 
Executive Vice President ^ 
The Rockefeller University 
New York, New York 

Dr. Gail Pesyna (1984) 
Program Specialist, New Busf- 
ness Programs 

Central Research and Devel- 
opment Department , 
E.I. du Pontde Nemours & Co. 
Wilmington, Delaware 



/ 



Dr. Benjamin S.P. Shen (1984) 
Reese W. Flower Professor of 
Astrophysics % , 

University of Pennsylvania 
Philadelphia, Pennsylvania 

Mr. William D. Carey 

(ex officio) 
Executive Officer, AAAS 
Washington, DC ' u 



I 



1 1 tr -f 



ERLC 

faiiMim'-lfl^J 



THE FIVE-YEAR OUTLOOK 
• FOR SCIENCE AND TECHNOLOGY: 

SOCIAL AND BEHAVIORAL SCIENCES 



4 

> 



• A Report from the 
. Social Science Research Council 



4- 



15 



03 



v. 



c 



- Introduction ' 



According to the legislation that mandated it, the Five- 
Yqpr Outlook for science and technology has two pur- 
poses. One is to inform the Congress of emerging areas 
of scientific and technological research that promise to 
illuminate problems of national significance. A second 
purpose it to identify those re^arch topics and th^ con- 
ditions trmt facilitate innovative researcrv-Nj^Fwarrant 
special Attention during the next five years. These two 
objectives have been met by the preparation of .back- 
ground essays on research in science and technology. 
With respect to developments in research in the social 
and behavioral sciences, the Social Science Research 
Council invited leading scholars in several different 
fields to prepare review articles. 

'Debates in the Congress on the level of research sup- 
port for the social sciences frequently center on the use- 
fulness of Such research as the criterion for funding. 
Although a set of essays that emphasized the direct ap- 
plications*^ social science research would respond to 
this demand and fulfill one of the Five-Year Outlook's 
legislated mandates, the essays would not reflect the 
breadth of knowledge that the social sciences can con- 
tribute to the understanding and resolution of social 
problems. 

A broader perspective on social significance is outlined 
in the first chapter, and is illustrated throughout the five 



review chapters. This perspective rests on the premise 
that investigations of fundamental questions about hu- 
man and behavior and social processes provide the data, 
theories, concepts, and methods that lead to informed 
decision-making jn both public and private sectors. 
Moreover, those parts of social science specifically de- 
signed to evaluate public pr^grarps or to examine social 
problems derive methodological rigor and theoretical in- 
sight from research efforts conducted throughout the so- 
cial sciences. The essays ihcludeH here, therefore, review 
research that is characterized, by scientific merjt and 
momentum.. These research areas also promise to illus- 
trate areas of social concern, both in the immediate future 
and, more importantly, in the decade to come. 



ESSAYS ON RESEARCH FRONTIERS 

Under the guidance of a Steering Committee?, five topics 
reflecting major intellectual currents in social and\be- 
havioral research were selected for extended treatment: 
relationships between behavior and physical health; in- 
fluences on the social and emotional development of 
children; a changing perspective, on individual devel- K 
opment over the entire life' course; statistical measure- . 
ment of social change; and recent advances in sufvey 
*** 
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technique and analysis. All five t*f)ic$ grow out of sig- 1 
nificant research in the social 'and behavioral sciences; . 
all five hold promise for the illumination of major areas' f 
of national policy. 

BEHAVIOR AND HEALTH ^ 

>The essay on behavior and health reviews research on 
the implications of individual behavior patterns for health 
and physical disease. Behavior and health are linked in 
three principal ways: through the direct effects of psy- 
chosocial factors on tissue function; through the detri- 
mental effects of life-style and habits on health; and 
through the responses of patients to symptoms and to 
medical treatment. In drawing on the research traditions 
of both the biomedical and the social sciences, this work 
on behavior and health illustrates the promise of research 
that occurs at the intersection of the social sciences fcnd 
other disciplines. Other examples include research on 
sensation and perception^which draws on the fields of 
physics, biology, and psychology, as well as the devel- 
opment of computer software. 



E LIFE- 



THE OFE-SPAN PERSPECTIVE ' ] 

The essay on the life-span perspective in social science 
research describes aj;eneral approach to research on in- 
dividual development and social change rather than a 
well defined substantive area such as behavior and 
health. Underlying this approach is the view that human 
development continues throughout the life course and 
that individual characteristics and statuses are not fixed 
but continue to change. Research employing a life-span 
perspective has already altered many of our assumptions 
aboiit old age, adult education, and the ways in which 
people of all ages adapt and respond* to change. The 
essay also illustrates how ^emingly unrelated research 
in severafdisciplines has contributed to the development 
of*a cumulative research perspective. This perspective, 1 
in turn, has -the potential to change, theory and research 
in each* of the contributing discipliips and to inform the 
development of social policjua almost all sectors ofjhe 
government. / ' 

1 / 

ADVANCES IN METHODS > 

The essay on methods /for social surveys— somewhat 
--more^hnicaLthantheother-essay&^summarizes-recent- 
methodological advances £>n problems encountered in the 
design, collection, and analysis of large-scale social sur- 
veys. 4t also examines the uses of administrative data 
and the special probieiis posed by. longitudinal surveys. 
Despite its technical nature, this is an appropriate and 
important subject for ihe Five-Year Outlook because of 
the government's substantial investment in statistics and 
survey research. Thii essay also demonstrates how the^ 



social and behavioral sciences, no less than the natural 
sciences, work systematically to* improve their research 
tools and techniques, 

STATISTICAL MEASUREMENT < • 

The use and analysis of statistical data>in social research 
ate discussed in the.essay on the statistical measurement 
of social Change, a research tradition that dates back to 
the report of the Committee on Recent Social -Trends 
established by President Herbert Hobver in 1929. The 
essay reexamines sexeral social trends, such ft as the 
changing divorce rate, that have previously been mis^ 
interpreted;,in particular, it considers ways in which the 
measurement of social change is affected by the analyt- 
ical approaches employed, by changes in the concepts 
being ^measured, and by the accuracy of assumptions 
about the shape of future change. Research on statistical 
measures of social change represents a long-teim col- 
laboratjonand commonality of interests between the gov- 
ernment and social scientists. 

CHILDHOOD DEVELOPMENT 

Research on children's growlh and development has long 
been of interest 'to parents, schools, and agencies at all 
levels.of government. Most pasit research, however, has 
concentrated on the intellectual or cognitive development 
ofxhildren. Recent work on their social and emotional 
dev^opment, the subject of thfc fifth essay, responds to 
the concerns of parents, educators, and policy makers, 
for it recognizes that intellectual growth is only one as^ 
pect of the development of children, one that is, dtself, 
affected by social and emotional development. 

The essay reviews recent research on the impact of 
parents, peers, and television on children's moral de- 
• velopment and on the learning of cooperative and al- . 

truistic behavior. It considers such complex issues as 
, how children acquire self-confidence, the motivation to 
help others, and knowledge of society's laws, rules, and 
norms. This research demonstrates the willingness of 
social scientists to explore some of the most difficult and 
elusive dimensions of human behavior, and is an ex- 
ample of a true frontier in the social and behavioral 
sciences. 

>t 

OTHER CURRENTS JNJTffiSO^\LA^^_ 

" BEHAVI©KS17St^NCES^ 

The essays in this volume illustrate important achieve- 
ments in the social and behavioral sqiences. They do 
not, of course, exemplify all otthe mkjor advances; nor 
do they represent all o'f the diverse approaches, methods, 
and substantivel^ics thatcomprise these domains. Al- 
though it is not possible to sketch here the full range of 
research encompassed by the social sciences, it is'useful, 
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as a background for the chapters that follow, ttf note 
several types of research that have not been included in 

this volume. 

rr 

POUCY v *RESEARCH " 1 
i 

Both the findings and methods oHhe^ocial and behav- 
ioral sciences are often applied to public policy, even 
if they are not part of "policy research." The defining 
characteristic of policy research per se — which is var- 
iously called applied research, policy analysis, or social 
research and development— is the intention oT sponsors 
and scholars to provide advice or information on a prob- 
lem situation that is external to the science itself. The 
research problems selected for attention are drawn fjom 
social problems (such as poverty, hunger, and unem- 
ployment) and, in addition, from policy problems. For 
example, one area of policy research, science planning, 
has a long research tradition, dating from the support for 
the first Science Advisory Board, in the 1930s, by the 
Social Science Division of the Rockefeller Foundation. 
Systematic social inquiry is expected to contribute rel- 
evant knowledge to public and private agencies respoi^ 
sible for designing ameliorative policies. A more exten- 
sive discussion of policy "research is found in the first 
chapter. 



INTERNATIONAL STUDIES 

The findings and methods described in these essays are 
concerned with the behavior and attitudes of individuals 
and groups that, are situated within nations or bounded 
by national societies. Equally significant are studies that 
examine % phenomena derived from the interactions of 
nation -states; analyze relationships, institutions, and so- 
cial .movements that cross and transcend national bound- 
aries, or attempt to assess cross-national evidence. Taken 
together, these three types of research — international 
transnational; an?I cross-national — comprise most of 
what is included, in the United States, under the rubric 
of "international studies." 

The American social science research community en- 
gaged in international studies is now in an important tran- 
sition. During the past thirty years, foreign area studies 
have produced an impressive body of research on the 
societies and cultures of other areas o f the world .. Now, 
however, social scientists are moving beyond the kinds 
'of questions ^bout the nature of ofher societies lan- 
guages, and cultures that originally gave ri^e to area 
studies, and beyond the single country or regional fo6us 
that has prevailed historically in this research. In a world 
that is experiencing both increasing interdependence and 
fragmentation, there is understandably a growing interest 
among American social scientists in research that probes 
the significance of cultural boundaries, or that explores 
phenomena that cross and bridge such boundaries. Some 
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characteristics of these kinds of research deserve special 
note. 

Transnational research focuses on phenomena tljat are 

separate from nation-states, but always involve at'least 

two of them: Although transnational phenomena are not 

new topics for research, recent changes — for example, 

the increased volume anddiversity of people and goods 

moving across national bpundaries or the development 

of large and embracing transnational institutions, such 

as the modern transnational corporation — have attracted- 

increased attention from social scientists. Researchers 

« 

have been examining the changing nature of transnational 
phenomena and their consequences for national states 
and international organizations. 

Studies of the modern transnational corporation, for 
example, try to understand how its social organization 
enables it to take advantage of different national market 
conditions in making production and marketing decisions 
that will maximize benefits for the corporation. As* more 
of these corporations have been based outside the United 
States, researchers have looked at the changing positions 
of national companies within the international environ- < 
ment, and at the effects fof their decisions on national 
states. Social scientists , have also been concerned with 
the changing circumstances of transnatibn^f phenomena, 
such as the implications of international competition for 
scarce resources. Other transnational phenomena which 
are foci of current social ^science research include reli- 
gious movements, ethnic groups with transnational 
identities, arid such agencies as the Red Cross and Am- 
nesty International. 

Most researd^on international phenomena focuses 
either on natipn-states, or on phenomena derived from 
Jheir interactions. Political scientists have long studied 
relations among nation-states and their impact on a va- 
riety^" national problems. Now, responding to increases 
in the diversity and complexity of international relation- 
ships, social scientists are developing new* theories and 
method^ for studying the economic, political, socio- 
cultural, and strategic interactions of nations. Examples 
of current international research topics include: global or . i 
limited warfare; international negotiations, treaties, and 
agreements pertaining to arms limitation, trade, migra- 
tion, apd other matters thai frame and affect the activities 
.of transnational actors; and the operations of global and 

regiona l internat ional organizations such as th e_United 

Nations, the North Atlantic Treaty Organization, and the 
Asian Development' Bank. ~£ 

Cross-national research compares similar phenomena 
in different cultural settings. Often the boundaries of 
such phenomena are nation-states; however, they may 
also be regions or culture groups. The growing inter- 
dependence of nations requires a greater understanding 
(j^pfienomena in different historical and cultural settings. 
Central to such an understanding is the capacity to make 
effective comparisons, to identify the commonalities as 
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well as the uniqueness of particular circumstances. 
Cross-national studies of work, family, ethnicity, reli- * 
gion, and political parties are advancing our understand- 
ing of the behavior and experiertces of- individuals, 
groups, and institutions beyond what can bfe learned from 
studies££-$ingle societies , J 

Altfough each of these modes of social science re* 
search is distinct, they .are often combined in the study 
of particular phenomena. For example, in studying a 
specific ethnic -group it may be important to'examine its 
distribution within and across national boundaries,* in- 
ternational regulations governing the migration and 
travel of ethnic group members, and comparative indi- 
cators of the experiences of members in different his- 
torical and cultural situations. Similarly, in order to un- 
derstand the activities of transnational corporations in* a 
given country, it may be necessary to examine the in- 
ternational and domestic regulations that structure and f 
regulate their activities- and thp range of their activities- 
in other national settings. Studies that combine trans- 
national, international, and cross-national research com- 
prise an important and growing part of American social 
science. 0 

* 

MACRO RESEARCH 

The essays that follow focus primarily on individuals as 
the units'of analysis. Much of social science, however, 

- is concerned with collectivities, institutions, arid orga- 
nizations. During the past several years social and be- 
havioral scientists have directed increasing attention to 

• the (fevelopment of conceptual approaches and metho : 
d61ogies for studying such collective institutions. 

Illustrative of this kind of work is the growing body 
of theory amLresearch on states and social structures. 
Instead of regarding the state simply as a reflection of 
other social forces, recent social science research has 
com£ to view the state as a relatively autonomous actor, 
both influencing, and being influencedtby, the society. 
This new reseirch is attempting to define state structures 
and to identify the conditions that affect the development 
of these structures and capacities. 

Studies of state structures may proceed 'by examining 
their organizational sub-units, bureaucratic patterns, .aircf 
the legal norms that shape their interaction. Studies of 

states' varying abilities to achieve their objectives are - 
investigating the potential relationships among different 
capacities: for example, whether a state's ability, to de- 
fend its territory or preserve social order is felated to the 
capacity to transform society, to achieve economic der 
velopment, or to* redistribute wealth. In seeking to un-* 
derstand the differential capacities of states, researchers 
are examining relationships between the state and other ~ 
groups and institutions in society, including other na- 
tions. Thus, some scholars attribute the fecent economic 
successes of Brazil to the formation ok new bonds be- . 



tween the state and different factions of the elite class; 
.and sonte experts on Taiwan and Korea point to the 
importance of the countries' positions in the world eco- 
nomic* system as a key to understanding their rapid eco- 
nomic growth. These- new approaches to the study of 
state and society have already stimulated promising re- 
search on such topics as the politics of econofnic 
Jevfelopment". . , . u » 



APPROACHES AND METHODS 



The chapters that follow illustrate some — but not all-^- 
of the important methodologies in ih^ social and behav- 
ioral sciences. These essays represent dominant research 
traditions of American social^science; as a result,, they 
do not reflect challenges to some of the central assump- 
tions of mainstream social science from several riew 
approaches. 

The dominant tradition of American social science 
uses as toSasic data systematic observations or measures 
of individuals or groups, extracted for analytical pur- 
poses from their larger context. These observations are 
organized into discrete wariabjes, and hypothesized 
causal relationships between them are tested by exam- 
ining the impact of change's in one variable on«cJ^nges 
in the others. This type of social science Is modeled on 
the physical sciences. It emphasizes the use of quanti- 
tative data, especially survey data, and to a Cesser extent, 
experimental data. Its underlying assumption is that^an 
understanding of relationships among significant varia- 
bles will enable society to develop ihemeans for alter- 
ations and improvements. 

In recent years, other approaches- to social science, 
such as ^tpucturalism, ethnomethodology, £nd ^interpre- 
tive" sdcial science, have challenged the aims and as- 
sumptions of this dominant tradition. The nature of these 
challenges can, perhaps, be illustratedmsgt effectively 
by 'examining the interpretive appr«richTor explanation 
in greater detail. * 

Interpretive social science seeks a detailed understand- 
ing of the meaning of actions, customs, eve|rf&> s and 
institutions to the individuals and groups that p&tform 
and participate in them. It seeks to explain not by cause 
,or universal law, but by understanding particular wholes. 

Social scientists wording in this tradition, typically 
draw-en-ease studies oj^individuals-and-small~groupsr 
and many of theirmath'ods are taken from the humanities. 
They have drawn increasingl/upon techniques of literary 
analysis and on the u&s of metaphor, narrative, and 
scripts as tools for understffiiding N spcial behavior. Thu§, 
a particular domain in the life of aperson,or group (e.g., 
politics, the occupational world, the family, or religion) 
-can be examined using the techniques of literary analysis. 
The goal is to explain the meaning of the symbols that 
the individuals and groups depend on to organize their 
lives. 



This new approach within American social science is 
_ provoking controversy bec^u^e it redefines the objectives 
of the enterprise, the kind of knbwledge desired, and the 
appropriate ways of obtaining that knowledge. Although 
it derives from "academic" sources, this nAv approach 
has its practical uses: knowing what ananow people 
think about their families or jobs is important information 
in any effort to bring about improvements in living con- 
ditions. The results of this ancl other recent approaches 
in the social and behavioral sciences are just beginning 
to emerge. Yet the research literature they have -already 
generated is certain to influence the kinds of materials 
collected and analyses untjptaken by^social scientists 
generally. • ' 

— v 

INSTITUTI^jft OF THE SOCIAL SCIENCES 

Much of the social and behavioral science research that 
. is carried out in the United States is undertaken by faculty 
members at the nation's research universities. Research 
is also conducted in a variety of centers and institutes, 
some free-standing and some affiliated with universities. 
These are the social science equivalents of the labora- 
tories and Observatories of the physical and natural sci- 
ences. There are, in addition, ^several national organi- 
zations that provide 'special services to the social 
sciences, both to* individual scholars and to the research 
centers and institutes. A third category of institutions 
that play. a significant role in social science research are 
the public and private institutions that provide financial 
support to 'individual scholars, universiti&s, arid other 
organizations. This concluding section" of the introduc- 
tion to the Five-Year Outlook provides an overview of 
the instigations that house, foster, and support the social 
sciences. 

NATIONAL ORGANIZATIONS * 

There is no official umbrella organization for the social 
sciences in the United States, but each discipline has a 
national professional association to^which most scholars 
in^the field belong. Tfiese associations sponsor annual 
meetings and the publication journals, maintain 
professional ancf ethical standards, and publicize grant- 
and fellowship opportunities. Only rarely do they be- 
come directly involved in research^ (beyoncTXhe^pubH- . 
cation of results), instead*, they fdtus on the professional 
lives STtheir members. 

^ In contrast to these professional associations are three 
national organizations that are directly concerned with 
the research of social scientists. 2 

The Social Science Research Council (SSRC), founded 
in 1923, was created by representatives of the seven 
major social science* disciplines for the explicit purpose 
of advancing research'. Governed by a board that is partly 
elected by the professional associations, and adminis- 
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tered by a presidtfit.and a staff of social scientists, the 
Council seeks ,to advance research in thf social sciences 
in a wide variety of ways: it appoints committees of 
scholars to Jet priorities and make* plans for critical, 
generally interdisciplinary areas of social science re- 
search; it seeks to improve research capabilities through 
training institutes and'fellowship programs; it works to 
support individual research through the provision of post- 
doctoral grants; it convenes research conferences that are 
often interdisciplinary and international; and it sponsgife 
the preparation of books and other research publications 
that often result from these activities. 
^ The Assembly of Behavioral and Social . Sciences 
(ABASS) is cvie of eight major program un^ts of the 
^ National Res*earch Council, the principal operating 
agency fcf the National Academy *of Sciences. The As-^ 
tembly provides the primary forum for the behavioral 
and social sciences in all National Research Council en- 
deavors and is actively involved in efforts to relate the 
behavioral .and social sciences to public policy. Gov- 
erned by a board of.social scientists and*administered 
by an executive director and a professional staff, its work 
is carried out largely through committed of scholars. 
Generally, ^ts activities are initiated not by scholars but 
by officials of the federal government, 'for it\is on the 
government's behalf that the National Research\pouncil 
is chartered to conduct and sponsor research. 

The Center for Advanced Stucfy in the Beha\iorfcl 
Sciences, founded in 1954 with funds from, the Ford 
Foundation, provides about 50 scholars a year with me 
quiet, the librar^ resources, andtiie freedom from teacn- 
fhg and administrative responsibilities that are conducivV 
to research and writing. Typically, Fellows at the Center 
either plan their* n^xt research project or complete a book ] 
about their latest one. In recent year^Tnowever, the Cen- 
ter has taken a more activevol^in planning and guiding 
new areas of research, primarily by sponsoring confer-* 
ences and workshops. It is considered an honor to be 
invited to be a Fellow at the Center, which remains both 
a symbolic focus of high quality research and a locale 
where this research is often generated. 

RESEARCH INSTITUTES , 

» * ** 

There are hundreds otfuniversity-basgjl social research 
""institutes in thTlJmt^Stales7M<^"ai^small, serving 
t the research interests of a relatively few faculty members 
a and a larger number of graduate students; a few dozen 
are more extensive, wfilT specialized programs. Of these, 
two are outstanding both in size and in the quality of 
Research they produce: the Instit ute for Social Research 
at the University of Michigan, and the Rational Opinion 
Research Center at the University of Chicago. 

The Institute for Social Research (ISR) at the Uni- 
versity^of Michigan was founded in 1946. It has since 



become the nation's 



largest^! 



ind most diversified social 
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> Science institution situated on a university campus. The 
Institute consists of a number of subsidiary organiza- 
tions; the largest and best^ Known of which is the Survey 
Research Center. The Center, in turn, is widely kllown 
Ifor its panel studies of voters in national elections, its 
(surveys of consumer, expectations, and its'research into 
(large-scale organizations. ^ * 
, . The* Natiorjal, Opinion Research Center (NORC) was' 

founded in ^941 at the University of Denver, where it 
established a nationwiderstaff of trained interviewers. In 
1947, NORC moved to the University of Chicago, where 
it has focused on methodblogical development and sur- 
veys conducted^ behalf of a wide variety of private 
and public sponsors. Among its projects, it currently 
administers "the General Social Survey, which is- a pe- 
riodic attempt to obtain # standardized information about 
* the general public. ✓ 

Among the research centers ahd' institutes affiliated 
' with universities, the centers for the study of foreign 
n areas deserve special note. Where there are concentra- 
tions of faculty with expertise on a particular geographic 
region, there is often an administrative unit such as an 
institute dr center. More often than not, the unit is a Title 
VPCenter, i.e., It receives federal funds authorized under 
Title VI of the National Defense Education-Act of 1958. 
The importance of these centers extends beyond the ad- 

• ministrative support they provide for scholars: they com- 
* bine {he functions of teaching and research— to the im- 
provement of each— ahd* they provide an environment 

" for interdisciplinary and collaborative teaching and 
research. , / t 

There are many important social reseych institutions 
that are independent of universities. Most are nonprofit, 
but one, Abt Associates, located injdassachusetts, is a 
large and successful profit-making institute, supported 
chiefly by government contracts. Major nonprofit insti- 
tutes that conduct or support a substantial amount of 
social science research include the -American Enterprise 

• Institute (.Washington, D.C.); the' Brookings Institution 
. (Washing'too, a D.C.); the Hoover Institute (Stanford, 

• California); the National ^Bureau of Economic Research 
(Cambridge,, Massachusetts); The Rand Corporation 
4Santa Mollca; California); and the Research Triangle 
Institute, (Research Park, North Carolina). Many JJ.S. 
government agencies conduct sdcial science research, 

~ includi ng the AgencyToiTnterriMiohal Development, thr 
. ' Departtnent of Agriculture, and the Natioftal Institutes 
bf Health, Social research is also conducted by various 
United Nations agencies thrgughout^fe world; in the 
A United States/they>Population Division and .the United 

^ Nations Fund for Population Activities. are the most 

important. * 

SUPPORTTNtTT^ 

In addition to the research institutes and national orga- 
nizations, ther^are a variety of public and private in- 
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stitutions that make social research possible by providing 
financial support to individuals, universities, and other 
organizations. * , 
^f^tftbleTamong the many private organizations, ttiat. 
have supported social science research are Jhe Ford Foun- 
dation* and the Rockefeller Foundation. By no means 
identical in orientation, emphasis, or focus of activities, 
both foufidajions' are keenly interested in international 
relations and world problems, and in social, economic, 
and demographic research (although* their concerns are 
not limited to these areas). Some staff research is con- 
ducted at each foundatwp, but both organizations work 
primarily through grprra to institutions and fellowships 
to individuals. The involvement of these^and othej foun- 
dations in social science research extends beyond the 
provision of financial support By setting their own in- 
stitutional priorities, and deciding where and how their 
resources Should be committed, they also exert (directly 
or indirectly) an important influence over 'the direction 
of social science research. 

Of the other private sources that support research j^n 
the social.sciences, prominent mention should be given 
to the Andrew W % Mellon Foundation, the Alfred P. 
Sloan Foundation, and the. Russell Sage Foundation. In 
addition to support, these organizations also provid? sig- 
■ nificant readership in the social sciences. ^ — - • 

Other major sources of support for the social sciences 
are.the various agencies of the federal government. Es- 
tablished by law in 1950 to assume public responsibility 
for developing basic research^ in the physical and bio- v 
logical sciences, the National Science Foundation (NSE) 
now encompasses applied research 'in these areas as well 
as basic and applied research in the behavioral and social . 
sciences. In recent years, support for the social sciences 
has accounted for about 7% of the total NSF budget. In 
addition to supporting research conducted in the United 
States, NSF has an impressive international program 4 
which encourages and stimulates cooperative science 
activities by supporting joint research projects and sem- 
inars, exchanges of scientists, joint commissions for sci- 
entific'and technological cooperation, and participation 
in international scientific ofganizatiorYs^^Many of these 
activities operate binder formal bilateral or multilateral 
agreements with foreign countries. For more than a dec-^ 

* ade, through its Science in Developing Countries Pro-^ 
gram, NSPhar supported" cooperative research-projects^' 
involving scientists from the United gtates and devel- 
oping countries. Addressed to problems of common in-, 
teresf, the te projects supported under this program often 
include those in the social sciences. . 

Another major source of federal funds, the National 

* Endowment for &e Hupnities{NEH), was created by 
Congress m 1965 'to support- research, education/ and 
'other public activity in the humanities. The Endowment N 
supports research in cultural anthropology, sociology, 

* political theory, and international* studies — in brief, so- ' 
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cial science subjects which connect with humanistic top- 
ics or research methods. The Endowment's programs are 
administered primarily through divisions such as the 
Division of Research Grants which provides support to 
institutions and individuals for research projects as well 
as for the preparation of important research tools such 
as bibliographies. 

Sometimes agencies combine resources: one example 
is tiie program supported jointly by the NSF and NEH 
to fpster research, education, arW other activities on the 
value implications of advances in science and technol- 
ogy. This program also encourages collaborative, inter- 
disciplinary work between humanists and social and be- 
havioral scientists on value questions arising from 
emerging social, economic, mid technological issues. 

Another prominent example of federal invblvement 
in social science research is the Fulbright Program, es- 
tablished in 1946 under legislation introduced by former 
Senator J William Fulbright. Designed to increase mu- 
tual understanding and knowledge between the United 
States and other countries, the Fulbright Program does,, 
not itself carry out research, but instead encourages the 
exchange of ideas and knowledge through exchanges of 
students, teachers, and scholars. Each year, more than 
3,300 grants are awarded to individuals. In 1979-1980, 
approximately 700 scholars from 75 countries came to 
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the U.S. to lecture and conduct post-doctoral research; 
at the same time, 500 American scholars and profes- 
sionals were sent to 100 nations. These individuals irr-. 
eluded a significant number of economists, political sci- 
entists, and sociologists. The Fulbright Program also 
awards predoctSral fellowships through sucilii nst initio n s. 
as the Coqimittee for Scholarly Communication with the 
Hfople's Republic of China (CSCPRC), which .admin-* 
isters the U.S. Government's scholarly exchange pro- 
gram with that country, and the International Research 
'fcnfl Exchanges Board, which administers the Fulbright 
1?xchanges with Eastern European countries and the 
USSR. / 

This brief introduction was intended to give the reader 
a sense of the intellectual and institutional context of 
social Science research. Narrowing this broad context to 
a set of six essays was difficult. In the end, it was decided 
to select five subjects for extended .treatment which were 
illustrative of exciting new directions or cumulative re- 
search progress, even though those five topics could 
never be representative of ihe, full range of social and 
behavioral research now underway. The sixth essay, with 
which the set begins, carries' the introductory theme one 
* step further and deals with the social significanc^pf 
research in the social and behavioral sciences. 



NOTES • 

1 The Steenng Committers made up of Kenneth PrewittiSocial 
' Science Research Council). Robert Mc£ Adams (Committee £n Basic 



Gardner Lindzey (Center for ^Advanced Study in the Behavioral Sc i- 
ences). Roberta Balstad Miller served as SS RC staff. 

2 Because of the unusual role of these three organizations in social 



Research in the Behavioral and Social Sciences of the Assembly of # „ science research, a representative of each served on the Steenng Com- 
Behaviora* and. Social Research. National Research Council), and mittee for the preparation of these reports. 
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Assessing the Significance of Social 
Science Research . „ . 



Kenneth Prewitt 



INTRODUCTION 

77ie Five-Year Outlook on science and technology is 
intended to bring to the attention of the Congress research 
areas and disciplines that are both scientifically and so- 
cially significant. Within the sphere of our responsibility, 
the behavioral and social sciences, we have chosen five 
substantive areas for their demonstrated scientific merit 
as well as for their obvious importance to public well- 
being. This chapter provides a more general Statement 
about the relationship between social science research, 
and the public welfare. This statement is constructed? 
first, in terms of 'six principles that enable us to assess 
the social significapceW research; and second, in terms 
of the outlook for the continued significance of this 
research. . 



SIX PRINCIPLES OF SOCIAL SIGNIFICANCE 

The six principles of social significance d iscu ssed are 
constructs, systematic information, empirical regulari- 
ties,., practical applications, market value, and public 
.policy uses, j 



CONSTRUCTS - - 

TJie behavioral and serial sciences have' produced nu- 
merous interpretive constructs. which explain, interpret, 
and deepen our understanding of social phenomena that 
previously were incorrectly or inadequately compre- 
hended. The list of such constructs is long: human cap- 
ital, span of control, the unconscious, gross national 
product (GNP), acculturation, and feference^groups — to 
name but a few. Social science research does n^t, of 
course, invent these phenomena, but it does invent the 
constructs that help us to see them more clearly. The 

.calculation of the unanticipated costs of market econ- 
omies predated the concept of externalities, but the in- 
troduction of the concept has increased society's under- 
standing of both resource depletion and unintended 
environmental consequences. ' * 
> A more extendedMllustration of the use of social sci- 
ence concepts can be drawn from developpieittal^jsy- 
chology and the conception of childhood offered by Jean 
Piaget and his followers. Before Piaget's research, it was 
generallyassumed that the infant was passive, unawari}, 

^arrd insensitive. Indeed, less than one hundred years ago, 
it was thought that infants were born deaf and blind. But 

* infancy research hap now demonstrated that infants are. 
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person-like and resilient. Nut onl> are babies born with 
distinct visual and auditor) .abilities and preferences, 
the> are also bom with alread) evident individual dif- 
ferences in temperament <jnd personality Knowing this, 
aware parents can structure an infartfs environment so 
as to make it interesting and appropriate to the child's 
age and temperament. For example, parents now realize 
that certain infant behaviors ure forms of communication. 
The concepts of developmental psychology, help us .uti- * 
derstand the ways in which infants are curious and active 
and, in their own terms, knowledgeable and competent. 
Whether from psychology, economics, sociology ♦ or 

* anthropology » social science concepts bring the previ- . 
ouslv inaccessible to social consciousness. In this sense, 
one of the principal functions of research is to lessen 
ignorance' or incomprehension and to provide constructs 
with which to interpret and understand reality. But it is 

a truth of Nuence* readily acknowledged, that it expands 1 
the frontiers^of ignorance even as it expands the frontiers 
of knowledge. To explore the workings of the human 

* mind, the history of a society, the meaning *of a culture^ 
K the functioning of an economy, is inevitably tc>/€sk in- 
creasingly profound and complex questions. Science 
proceeds as much by the new questions it raises as by 
the prior .questions it answers. In this process, research 
produces concepts, ironically , the social sciences seldom 

/ receive credit fof these contributions to our intellectual 
life because the constructs, once labeled, soon become 

conventional wisdom. 

/ 

~ SYSTEMATIC INFORMATION * 

Social science, through i^s emphasis on social measure- 
ment- and observation, helps bring systematic informa- 
tion to bear on difficult questions of judgment and choice 
The social sciences", collectively considered, are among 
the great observational sciences of mankind,- rivaling in 
scope,[ variety, and significance such other observational 
sciences as astronomy and geology. Advanced industrial 
nations are commonly described as information societies 
in reference to their systematically collected information k 
about the human as well as the* physical environment. 
Humaijr actions and the meanings attached to them con- - 
stitute^he most dynamic and^complex of all* those ei> 

, *- vironments in which, markets trade, banks invest, busi- 
nesses produce, governments govern, and families make 

S plans for the future. Monitoring the ever-changing 
human environment is a task approached - through a 

, variety -of tools and disciplines of the social -sciences, 
economic indicators, demographic trends, national sta- 
tistical systems, historical research, time-series analysis^ 
input-output matrices, developmental psychology, area 
studies, and political geography arfc all examples 

* Demography, the social science concerned with the 
changing size and composition of human populations, 
is a source of information widely used in both the public 
*nd the, pjivate sectors. Commercial enterprises make 



heavy use of population data and demographic projec- 
tions in decisions about where to locate an office, factory, 
or retail outlet and about the kiiigs of products to produce 
and the- nature of the marketing strategy to follow The 
age distribution of the population and changes in the 
composition of households «have far-reaching implica- 
tions for commerce, labor markets, social security pro- 
grams, crime deterrence, school enrollments, transpor- 
tation needs^demands for housing, and recruitment to 
the afmed forces. 

The information base for which the social sciences 
can claim some credit extends well beyond national sta- 
tistical systems or demographic projections. It includes 
what a society is able to learn about its own past through 
the research of historians, and what it learns about the 
"cultures and aspirations of other people through the ef- 
forts of scholars who study other societies ylt was to 
anthropologists that military and political leaders turned 
in" the 1940's when the leaders realized how little they 
knew of the South Pacific islanders and their culture. 
Forty years later this tradition continues, as corporate 
leaders of multinational firms draw upon scholarly ex- 
pertise for information and analysis pertinent to* distant 
markets and foreign supplies of raw materials 

Care must be taken to' distinguish information from 
the judgments that take information into account. Social 
science analysis is not a" substitute for judgment and 
choice, which are matters for the 'deliberative processes 
of society or the moral reasoning of individuals. Policy 
decisions by governments, investment decisions t)y busi- 
nesses, career decisions by individuals — these and' other 
judgments can be aided but not predetermined by infor- 
. mation. Information is not a substitute for practical judg- 
ment, although, if reliable, [t can add practicality to the 
judgment'. And information is not a subsuOUe for moral 
choices, although it can contribute insight, ijfto the coj}- 
ditions*tinder which such choices must be made. ' 
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EMPIRICAL REGULARITIES i 

Research has discovered mdny empirical regularities* 
which give structure to social processes. Social science 
does not invent these regularities; they exist prior to the. 
research that discovers them, just as DNA, qttarks,^tnd 
/fhk source of the ISTile existed prior jo their mapping by 
^ scientific explorers. But social science does provide an 
increasingly rich and dense mapping of demographic aftd 
social structures by uncovering empirical regularities: 
the stable pattern of age-related mortality in all societies,, 
the differential voter turnout between presidential and 
off-year elections, the relative invariance in markedly 
different societies of occupational prestige hierarchies. 
Each of these regularities has consequences for choices 
made by'mdividuals and organizations: age-related mor- 
tality rates.have implications for public heaU#i) ro g r 2yp 
in developing societies, differential voter turnout hasifior 
plications for campaign strategies and electoral reform; 



occupational prestige hierarchies have implications for 
educational policy and wage structures. % 

One significant empirical regularity^ the frontiers of. 
research concerns the differential age trajectories of fluid' 
and crystallized mtelligence^n/z/J intelligent e refers to 
the capacity to reason witn abstract symbols and. the* 
ability to invent, unconventional problem-solving strat- 
egies. It develops early in life and is now thought to be 
the basis for other forms of intelligence. Crystallized 
intelligence refers to the mental skills necessary for ef- 
fective functioning within the conventional mores and 
symbols of one's community. A low level of crystallized 
intelligence implies difficult) in understanding and being 
able to retain a written or oral message. Fluid intelligence 
has to do with whether a person can think his or her wav 
into a novel situation or out pf an unconventional prob- 
lem' crystallized intelligence has to do with whether a 
person can deal with such standard problems as 1 how to 
balance a checkbook or read instructions about tire main- 
tenance of sophisticate^ machinery. 

Fluid and crystallized intelligence appear to have dif- 
ferent development, profiles, an empirical regularity 
•which, if confirmed through repeated testing, will have 
deep implications- for issues as diverse as the sequencing 
kill/instruction in early schooling, the training' of 
military personnel for using increasingly sophisticated 
technical equipment, mid-career occupational ^change, ^ 
educational and employment opportunities for retired 
persons, and the preparation of age-relatfd educational 
materials. ■ ( 

For five decades, social science has revealed empirical 
regularities that are now routinely and* matter-of-faetly 
taken into account by governments, businesses, orga- 
nizations, anctf^milies. These are true discoveries in thy 
sense that the regularities exist pnor to research, but can 
only become part of thfc map of society if the discovery 
process occurs. * , 

PRACTICAL APPLICATIONS n , . 

Social science research ^findings are frequently applied 
in practical situations. Sometimes the application is di- 
rect Often it occurs^after modification to meet particular 
practical goals. An example of the latter is behavior 
modification therapy, now widel> used in personal health 
regimens, the treatment of neurotic and psychotic dis- 
orders, and substance abuse prevention. Behavior mod- 
i fftation derives from earlier research on operant con- 
ditioning. Jhe principles from this research have bCEn 
tailored *to meet behavior modification goals, but they 
exist independently of the many applications now being 
m^de. Research in cognitive psychology and memory 
provides many other example*. Reading programs have 
been redesigned as a result of findings from cognitive 
psychology and linguistic?. Memory 'research has been 
put to growirtg use by the police and the courts in as- 
sessing eyewitness tesflmony. 
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Research on attityde formation has found manv prac- 
tical applications in marketing. Research in decision the- 
ory and organizational management is routinelv trans- 
lated through business school curricula and eventuallv 
applied in corporations and businesses. A leading Amer- 
ican student pf Japanese management has noted that the 
large Japanese literature on management and industrial 
'work draws significant^ on translations and analvses of 
Western scholarship-. Parents and school teachers are 
making practical use of child development research when 
the> take guidance from the manv. handbooks on par- 
enting and child behavior. 

Social science research, of eource, can be misapplied.. 
This can result from poor research design or hasty gen-' 
eralizations. social scientists have no more claim to per- 
fection than do governments, businesses, or parenls. It 
can also result from misunderstandings b) those who 
appl> social science findings. These difficulties notwith- 
standing, the practical application of the theories and 
methods of social science far exceeds y\ hat is common!) 
assumed, n'o doubt because the institutions and persons 
making use of research results ^are often unfamiliar with 
the source of that which they apply 

MARKET VALUE 

One measure of the practicality of 'social science methods 
and intellectual constructs is their flourishing in free 
market economies. The commercial sector of the United 
States and other advanced industrial nations has* invested 
heavily in technologies whose roots arejn social science 
research/ Demographic analysis and projections have 
already been mentioned. Other examples are standard- 
ized personnel testing, rooted in psychometrics: eco- 
nomic forecasting models, rooted in econometrics: man- 
machine system design,' rooted in t>oth physiological 
psychology an£ information science; marke t research, 
rSSleSTirr sampling theory and survey research: manage- 
ment of foreign exchange risks, rooted in international 
economics and risk analysis; and political polling, rooted 
in voting studies and election analysis. As is often the 
case, the industries marketing these technologies are sel- 
dom familiar with their origins in social science research, 
And it would overstate the case for social science to 
claim full credit for'such nAilti-million dollar.industnes 
as 'econometric forecasting or standardized testing or 
demographic projections, but it does nof exaggerate to 
observe that none of thesj^ndustrie^ would have devel- 
oped in the manner or at the rate it has in the^absence 
of earlier social science research. 

More generally social science research and training 
have contributed to the human capital, resources of the 
society. One source of the comparative advantage of the 
United States in the international economy has been its 
Investment in the hufnan skills ancLknow ledge that pro- 
duced global marketing, financing, and management sys~ 
terns* Sustaining this>advantage will depend upon ex"- 
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pandlng our understanding of the international flow of 
labor, capital, resources* and comrriodities. It will de- 
pend upon the managerial capacity to plan and organize 
transnational systems of distribution and financing. In 
short, it depends upon the t>pe of intellectual resourced 

. and knowledge to which an infern£tionallv oriented so- 
cial science has made, and will Continue to make f a 

'contribution. t ; 

fUBUC POLICY U&S / ; 

Social science research methods have been widel> used 
in the public polic> process. Suc|i Applications include 
the deliberate design of studies t6 inform or evaluate a 
' policy choice. More often, however, the methods and 
results of social science research enter the public polic> 
process in more indirect wa>s. Consider the national^ 
statistical system of the United States, which is the foun- 
dation tor numerous federal and state policies in healthy 
housing, education, welfare, commerce, and industry 
This national statistical s>stem is constructed largei) on 
the methodolog^of sample surveys as developed over 
more than a half-century b\ statisticians, sociologists, 
economists, psvchometncians,. and related survey spe- 
cialists. Economic and social indicators, which measure 
the performance of various sectors of society, are intel- 
lectual inventions of the social sciences working in close m 
partnership with government and industry. 

The contribution of social science to public policy 
extends well beyond techmques'of collecting' statistical 
data. Statistical information is not better than the con- 
' cepts that guide its collection-and organize its applica- 
tion. Social |ciencc is often the source of these concepts. 
A case in point, is information on labor market behavior, 
which was reconceprualized in the 1930's and is in the 

# process of being reconceptuahzed again. Before the 
Depression, government statlstift on the work force re- 
flected <he number of people with a gainful occupation 
Using this concept, it was not possible to "get a satisfac- 
tory count of the number of people needing jobs, in part 
because of the exclusion from the working force of many 
occasional workers and those entering the employment 
market tor the first time. To fashion policy during the 
1930 s, the government needed a count of the total num- 
ber of people seeking jobs The working force concept 
was/eplaced b> anew concept, the ''labor force," which 
included everyone in'the population above a given age 

^ , whc'during a specified period, actually hadajoborwas 
seeking work for pa>. This' concept has guided the col- 
lection of labor market statistics ever since. 

Research in the 1980\s suggests there is ^a need to 

. , adjust economic and demographic statistical series again.- 

* Social scientists are now documenting the existence an~d 
~* apparent permanence of an informal economy and system 

. - of production, Some estimates, for example, saggest that 
unrgpoffed income could amount to 10 percent of the 
O ross national product. Research on the informal labor 
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market helps to clarify patterns of intra- and international 
labor migration. It casts issues of unemployment in a 
new and sharper light. It also raises question* about the 
accuracy of national measures of economic gFowth and 
productivity. Recent evidence indicates an explosive 
growth in employment in the Service and light manu-' 
facturing sectors, much of it hidden from the present 
accounting system. It is research of this sort that can 
lead to a reconception and improvement of the national 
reporting system. A program to combat unemployment 
through reindustnalization, for instance, will miss its 
mark if it is based on poorly conceptualized labor market 
statistics. I'hus, social science research contributes to 
.public policv not just data collection techniques but also 
wa>s to think about the kinds of data that are needed , 
In some instances, the government has asked social 
scientists for research explicitly designed to aid in the 
implementation or rejection of public policy alternatives 
A prominent example of such research is the large-scale 

* social policv experiment. Just as the federal government 
has considered major reforms in health, housing, and 
welfare policies, it has sponsored experiment aerograms 
in these arqas to evaluate in advance the effect of po- 
tential national programs Among these experiments 
have been programs for income maintenance, health in- 
surance, and housing subsidies. Similar research proj- 
ects,. on a somewhat smaller scale, have assessed pro- 
grams for emplovment training, criminal rehabilitation, 
and preschool* education. Concepts and methods from' 
the social sciences have been used in designing these 
studies, in collecting the data, and in interpreting the 
results. ^ " ' * ' 

Often there is neither time, resources, nor inclination 
to design a study -relevant to a specific policy choice In 

, such circumstances, spcial scientists are frequently asked 
to review the relevant research literature and provide 
informed judgments libout the implications of existing 
findings for the policy Cinder consideration. This iBsk is * 
difficult and delicate Because the criteria for generalizing 
from such findings ape stringent. The task illustrates trie 
'importance and closeness of the relationship between 
policy research and the development of theory and meth- 
od's within the social science disciplines. Policy scientists 

" must combine conceptual and methodological skills from 
a diversity of disciplines and must organize these re- 
sources,, usually wrthin a short -time, Xo-acju'ress policy • 
issues. Because tne quality of policy research ultimately 
depends on the qualjty of, the basic research skills and 
knowledge available, the usefulness of the policy sci- % ^ 

ences vVill depend on the development of the social sci- 
ences more generafly. 

Social science contributes further to the policy process * 
by tfte ways in which it frames questions and approaches 
issues. It is not accidental that the phrase ''unanticipated 
consequences," now ajerm in everyday vocabulary, was 
introduced by a social scientist. Social sEfenlists are 
trained to expect second and tbird order consequences 
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of actions planned with other ends in view. The unin- 
tended consequences of an .intervention in a complex 
, system can be at odds with and even detrimental to the 
intended effect. 

Consider the bonus sy stem underly ing American man- 
agement practices Rewards are based on current profits, 
which encourages a short time horizon. The bonus sys- 
tem can operate, therefore, as a disincentive to long-term 
research and development strategics, which are presently 
needed for American industry. This perverse incentive 
is. brought to our attention by* economists whose intel- 
lectual approach sensitizes them to look for it They have 
now been joined by psychologist's who study choice sit- 
uations Psychological experiments demonstrate that risk 
- aversion rather than risk taking is encouraged in choice 
situations such as those presented by the bonus system 
employed by many American corporations. 

Other examples of unintended consequences are to be 
found in the* many studies of government regulations 
conducted in the past decade. Man^of these studies have 
shown that regulations may encourage rather than dis- 
courage the behavior they are designed to control. These 
itudies, widely published in social science journals, are 
npw playing a role in reducing the extent of government 
regulation. *m*. 

Social science research does not determine policy. 
Policy is a matter of deliberation, it is an accommodation 

* of diverse interests and the creature of social values, it 
, is an exercise in moral choice and political judgment. 

But social science can hold up a mirror to society — one 
which reflects the multiple dimensions of social prob- 
^ lems, the complexity of the economic system, the mul- 
tiplicity of interests and human aspirations, the strengths 
and weaknesses*of institutions. Making public policy is 
difficult under the best of circumstances — whether a pro- 
gram is being'initiated, reformed, or abolished. 

Policy decisions involve a guess about what causes 
people and institutions to do the things they do. Wrong 
guesses are costly — in wasted public resources, in public 

* suffering, in missed opportunities to do the things dif- 
ferently. No decision process can guarantee right guesses* 
But the odds are increased if the guesses are as educated 
as our understanding of human 'behavjor and social m- 

i stitutions allows. The social sciences attempt to make 
contributions to the craft of public policy-making by 
enlarging society v s warehouse of educated guesses. 
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An outlook or prognosis must start with an understanding 
of the past. The historical record*0f social science- is 
quite clear and extends over a half-century — the period 
that marks the growth of the social sciences jn the United 
States. For over 50 years, social science has' focused a 
large share of its research resources lind intellectual at- 



Significance of Social Science Research 557 ' 

tention on the issues which have been of deepest concern 
to the society. 

The story starts toward the end of the 19201s, when 
President Herbert Hoover organized large numbers of 
social scientists in the preparation pf Recent Social 
Trends (President's Research Committee on Social, 
Trends, 1933), two volumes repealing on the many facets 
of society*affected by World War I and the Depression. 
Throughout the 1930's, social science investigations 
were concerned with those topics brought to attention, 
by the efforts of society to deal with the Depression, 
social security, internal migration, unemployment relief, 
agricultural prices, and labor market behavior. 

In the 1940's, not surprisingly, social scientists were 
pressed into government service and the) turned social 
science concepts and methods to war-related questions, 
civilian morale, the analysis of enemy propaganj^/ stud- 
ies relevant to the recruitment, training, management, 
and eventual discharge of the armed forces^ the effects 
of the strategic bombing of Germany and Japan. 
. In the 1950's, as the pre-war colonial empires chsin- 
tegrated and the U S. became strategically and econom- 
ically involved with new nation^ around the world, 
hundreds of scholars went abroad to study the cultures 
and languages of the 'newly independent nations. They 
came back to eslablish universit) area centers anfl other 
institutions for international studies which remain to this 
day the envy of governments and academic communities 
around' the world. The 1950's were ako a decade of * 
expanded development of strategic studies — again in re- 
sponse to the international role which die U.S found 
itself playing. 

The dome.stic fermenfof the 1960's was mirrored in 
a growth of interest among social scientists in race re- .* 
lations, urban problems, schooling., internal migration, 
as well as immigration. The 1960's were also a period 
of broader federal involvement in the delivery of social 
programs, and social scientists were called upon to rm- 
♦prove their survey research methods and Jo design corn* 
plex social policy experiments. 

Two trends of the 1970's merit note. Largely because 
of the great number of new social policies initiated, in 
the 1960's^there^wasa^ieed ft^fhe systematic evaluation 
of programs such as Headstart. Social science responded 
TO the challenge by establishing specialized methods for 
evaluating the CQnsequences and benefits of particular 
policy interventions. In the 1970's, there was also a' 
growing concern that government efforts to regulate 
economic and social activities were not working as in- 
tended. This concern was voiced by economists/political ' 
scientists, and sociologists, whose research was to be- 
come source material for the successful presidential can- 
didacy ^of Ronald Reagan. 

This sketch does not pretend to be a history of the 
social sciences in the United States. Much w as-happening 
during the last fifty years that is not captured by the * 
particular themes stressed. Though incomplete, the 
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sketch does illustrate an important truth about the public 
role of the social sciences.^ large share of social sci- 
entific resources has always been devoted to the issues 
which are of the deepest concern to the society. This has 
been true whether the funding is from private sources, 
as ^t was in the early*years, or from public sources, as 
it increasingly has been in later decades. It has been true 
whether the research is conducted largely in universities 
or in specialized research institutes — end jn recent years 
the mixture has tended to favor -the latter/ It has been 
true whether the research is labeled basic or applied. 
And it has been equally true under Republican and Dem- 
ocratic administrations. 

Another observation emerges from the historical 
sketch. Social science never has been, and is not likely 
ever to be, in. a position to create the national agenda. 
Far more powerful currents than social science research 
determine the issues that society will emphasize. These 
more powerful currents affect what social science stud- 
ies, just as they affect election returns, policy reforms, 
business decisions, media attention, amd citizen attitudes. 

It is the lessons we learn from history that provide the 
basis for anticipating the future. For five decades social 
science, as a major part of its research activity, has 
attempted to contribute to society's capacity to under- 
stand and cope with its most central concerns. The next 
decade will witness- a continuation of this commitment. 
Specifically, we expect social science to address ques,- 
tions of social and.economic innovation in a broad, sus- 
tained, and serious manner. 
/The nation today stands in need of innovations that 
' will contribute to economic growth, improve the work- 
ings of the governing process, and release the creative 
energies of its citizens. These innovations will spring 
from the imaginativeness and inventiveness of individ- 
» uals working through a large number of private and'pub- 
hc organizations. If successful, the innovations .will do 
for the next stage, of America's economic growth what, 
for example, the development of the modern business 
' corporation did for industrial growth in' the nineteenth 
century. By facilitating' ih6 pooling of resources, the 
c^H^hzation of management, and the incurring of jpint 
debt whije minimizing individual risk, the corporation 
allowed the^ccumulation andjnanagement of resources 
needed to take -advantage of the economies of scale of- 
fered bw new technologies in manufacturing and trans- 
* port. The U.S. has benefited enormously from those 
innovations it has borrowed, such as the corporation 
(initially borrowed from Europe, then extensively de- 
veloped here). This country has also produced its own 
list -of impressive social innovations, ranging from the 
very general (the constitutional doctrines of federalism 
\ and the separation of powers) to the more specific (re- 
^ . search universities, the assembly line, or jfie federal 
■ withholding tax). 

O 
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If there is to be a search for nfw social innovations,^ 
what role is there for social science? 

First, social science can increase understanding within 
society of the social nature of many innovations. We 
speak easily of the social impacts of technological and 
engineering developments, but have a less certain grasp 
of the technological and engineering impacts of social 
innovations.' We see the social consequences of the pri- 
vate automobile, primarily a technical innovation, more 
easily than we see the technical consequences of the 
assembly line, primarily a social innovation. 

Second, research can accelerate the understanding of 
social inventions. Here there are several obvious points, ' 
all of which have begun to receive research attention. 
(1) Social science cannot predict the success of a par- 
ticular innovation, but its theories can help to establish 
the boundaries within which innovations might reason- 
ably be attempted. A reindustrialization program that 
fails to take account of both the informal labor market 
and the hidden economy is no more likely to work than , 
a psychiatric therapy program that ignores unconscious 
motivation. (2) Social science can evaluate whether an 
innovation has in fact, worked. This is important because' 
failirjg to detect poor innovations is costly in terms of 
wasted dollars and lost opportunities. For^example, re- 
search on the success of recent social and medical in- 
novations concluded that, when put to trial, only about 
5Cfpercent of these innovations were successful (3) So- 
cial science can conceptualize and develop measures and 
studies of social invention — the development of new 
economic and institutional forms, new ways of perform- 
ing common tasks, achieving consensus, arriving at joint 
decisions. (4) The factors affecting creativity ^nd com- 
petence are likewise open to study. Much fflfcfe should 
"be known about the characteristics of cultures, cultural 
contacts, societies, groups, and institutions which con- 
tribute to the production of innovations of a social or 
technical nature. (5) More specifically, social science 
can conduct research on the pay-off of different forms 
of research and development. Frederick Mosteller, in his 
1981 presidential address to the American Association 
for the Advancement of' Science, reviewed the role of 
research and development in practical aavances in both 
weaponry and biomedical therapies. He found that such 
.advances "require not just one innovation or break- 
Through/ but a bundle of them, often as many as a 
dozen. '* Because of this, "there is a substantial period 
. . . between a basic sciefic,e innovation and its use in 
weaponry or therapies/' " * 

Finally, in some instances, social science itself will 
be the source of a social innovation. Examples have ' 
* already been provided: econometric forecasting, sample 
purveys, standardized testing, demographic projections, 
management strategies in complex organizations, oper- 
ant conditioning, input-output matrices, man-machine 
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system design, cost-benefit analysis, *and many others. 

The study of social innovations will not, of course, 
occupy all the research attention of *he social sciences/ 
just as not all social scientists worked on pepressiori- 
related themes in the 1930's or on war : related issues in 
the 1940's or became area scholars in the 1950's. v Other. 
issues that will command attention — sych as the empha- 
sis on transnational phenomena, the study of behavioral 
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medicine, the improvement of statistical' measurerrtent, 
the discussion of basic epistemological principles — are 
nc>ted elsewhere, in the materials prepared for the Five- 
Year Outlook. But innovations will become an increas- 
ingly important research theme because the social science 
research community in the 1980's, as in the previous 
five decades, will focus on those? fssues that are of most- 
coricern to the society and its future. 
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SUMMARY 



The study of behavior and health draws upon the research* 
traditions of both the biomedical and the social sciences. 
Interest in this field Tias grown from the recognition that 
many of the health problems most common in our society 
are strongly influenced by psychological stress or by 
personal habits such as cigarette smoking, diet, or levels 
of physical activity. Once a disorder has developed^ be- 
havior is also important in treatment and recovery. Purely 
biologicaL explanations of disease have not proven ad- 
equate to account for the development of chronic ill- 
nesses or why some individuals are more ^susceptible 
than others to particular types of disorders* 1 

Recent social and psychological research on medical 
problems explores 1 basic mechanisms linking behavioral 
and social processes to diseasS* states. This approach 
integrates behavioral' science principles with biomedical 
knowledgfrof the disease being studied. 

The mechanisms linking behavior to physical illness 
fall into three broad categories. The first involves 
changes in tissue function brought about by direct ♦ex- 
posure to psychosocial stimuli, withouj the intervention 
of othefr external agents. An example of this is the phys- 
iolqgical stress response which characteristically in- 



volves the complex interaction of neural, hormonal, and 
, metabolic reactions. * * 

Second, behavior influences healthT through harmful ' 
living habits $nd activities. Cigarette smoking -is prob- 
ably the most well known behavior in this category, '' 
having been implicated as a risk factor fof the three ♦ 
leading causes of death in the United States — coronary 
heart'disease, cancer, and » strike. Poor diet, lack of ex- 
ercise, excessive alcohol consumption, and poor per- 
sonaAygiene are also linked to disease. Becausef-many 
of. ttjffe ha&its are influenced by the social environment 
and^the in^jVidual's response to it, research has focused., 
on the role of lifestj06s< and social patterns in t|ie de- 
velopment o£chronic dise^ps, and on various individual 
and jmblic health approaches to prevent or modify these 
harmful behaviors, ' ) * 

A third means by whicty* behavior /affects physical 
health is in the response ta symptoms, and in patients' 
reactions- to the sick role. For example, there has been 
great deal o£ research on social an4 psychological In- 
fluences on f>atients\reactions to pain*and illness, and 
their decisions to seek medicaj^care (e.g. , many patients! V 
deny symptoms and/or postpone seeking h^lp). Another 
example of sufch harmful behavior is noncompliance with# 
medical prescriptions and physicians' advice, thus lim- 
iting th6 success of medical treatment. 

. " . '* . 561 • 
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The' first portion of this essay examines research on 4 
the role of behavorial processes in the development ahd 

, course of physfcal illness. Emphasis is given to coronary 
heart disease and high blood pressure, since particQlar 
progress has been made with these disorders. Two prom- 
ising psychosocial risk factors for coronary heart disease 
are psychological stress, and the Type A behavior pattern, 
which* consists of excessive competitive drive ^impa- 
tience, and hostility. Both' stress and Type A behavior 

m are thought to influenjeThe disease process by activating 
cardiovascular and humoral meAanisms^Research also 
suggests that genetic predispositions to high blood pres- 
sure may relate to pver-ifcsponse of the cardiovascular 
sy^tenrTo situations that involve coping wlgi the envi- 
ronment. Other evidence suggests that behavioral factors 
may contribute to the developments infectious diseases; 
f$sychosomati>c disorders^ (e.g., peptic ulcer), and human 
cancers. A new and t promising research area, psycho- 

• neuroifhmunpjogy, has established interrelationships 
among the central nervous system, endrocrine, behavioral 
and Immunological responses. 

. Effective behavioral techniques are now being used 
' in treatment and rehabilitation ^nd for psychosomaj^ 
disorders, pediatric and geriatric problems, and the treat- 
mentifof; chronic pain. Progress has been # made in un- 
demanding and controlling pain, ami a' new. interest in 
particular mechanisfos of pain relief (e.g., the role of 
^endorphin's developing. The problem of noncompli- 
ance with trealtmempsescriptions is also b$ing addressed 
b* 'current research-. Furthermore the smoking problem 
has-been given considerable attention. Promising work 
has teeti done to prevent smoking in adolescents," and 
j both individual therapies and media-based jtechniqui&s* 
6 have b^en used to modify the smoking habit* " . * 
«The pufclic .policy implications of research>on*behavidr 
and health include increased recognition of the impow 
,tance of social and behavioral processes by -practitioners, 
- health-care policy planners, afid.the biomedical research 
community. Since many, of the*major, health problems 
* hava their roots in individual behaviors" humane and 
effective prevention and treatment approaches, must be 
based on the bodyof data derived from study of behavior 
and health. Research frontier which explore mecha- 
" nisms 'integrating social, -behavioral, and biomedical 
'processes 'imist be fostered/ and continued scientific 

* . progress^uires th'at investigators be trained to integrate 
' ' the research. skills of these ^respective disciplines, 

>% Promising research kreas 'irr the field of behavior and 

* /hdalth include the study of psychosocial stress and mecfc- 

anisms linking and/or preventing strefc and illness; psy- 
choneuroimmunology; techniques for enhancing medical 

* • ^oojriplianco; and the challenge of preven|ng and per-' 

* manently modifying health-impairing habits. Large-scale 
trials examining thp effect of altering he?lth-impaitmg 
habite on c^diovascular disfcfse morbidity and mortality 
are currently under way. However, further biobehavioral 
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research ta elucidate underlying mechanisms linking be- 
havior and health must accompany these preliminary 
efforts at intervention. The identification of appropriate 
targets for change and the development of effective in- 
tervention techniques must rfcly op a more complete un- 
derstanding of these processes. 



INTRODUCTION r • 

The social and behavioral sciences have become incas- 
ing! y significant fcfr problems of physical health. These 
' .disciplines have matured and expanded beyond the one 
area of mental health to a far broader area called "be- 
havioral medicine," which is concerned with behavioral 
/actors in physical disease. At the same time, old dis- ' 
Crplinary boundaries -are being, erased; bejiavioral and 
biomedical scientists alik$ are studying ftie joint influ- 
. ence of psychosocial and biological factors pn somatic 
health and illnes's. ^ 

Disease has been- vtewed by Western medicine as a 
biological phenomenon, that is, a product of specific . 
.agents or pathogens and bodily dysfunction. However, *^ 
this biomedical model has, not accountefrTcft all illness- 
states* nor has it explained selective susceptibility and 
~ *the fact^that. certain diseases cSccur in some people ^ 

* not in ofoeffc. The need for aA)jpader A model of ' 
and illness, encompassing. psychological and soci 
iabfes aChd their interaction.!/ ith biol9gical processes, has 
b$en jointly recognized by the biomedical community 
(EngQl,"197J) and byi>ehavioral scientists (e.g., Miller, 

. 1976; Matarazzo, 19^Q)^ Many medical problems,, in- 
cluding^ome of .the most common in modern society 
(e.g., hejut disease, cancer), appear to be mfluen6e*d by 
behavioral "ahd Social variables*such as habits of living 

'* (e.g., smoking, diet, -exercise}, or .by" what has been 

• . teoned psychosc>cial^tr^s. ?or^example, epidertiiolo- 

gists studying lung cancer ^ave gOnsidered many causal 
\ variables, inclu/ing'fieredity and thp physical envirori- 
mefrt (partie.ularlyair pollution), but the stybngestjisk 
factor ijirns out to be a 'behavioral variable, namely, 
cigarett^smoki'ng* 

In the United States- at the turn of the^century^ the 
' greatest contributors to morBidity and mortality wwe tlje 
*ii}fectious ^diseases. Today , 0 the^ leading- qatfses of mor- 
tality are chronic diseases,- including fhe cardiovascular 
disorders afld cancer. Th % ese 'disease states are caused by : 
a confluence of social, environmental, behavioral, and * 
Mriojqgical factors (Instituted Medicine^ 1978;* 
uJM^H-.E.W.,. 1979a).. The crucial role ^f behavioral^ 
variables ir/today'-s njOst pressing health problems 0 *^, 
cleaxly stated in the 1979 Surgeon General's Report" on 
Health Promotion and 'Disease Prevention: . . of the 
t fen leading (fauses of death in the United, Stated, at feast 
seven coffid*i>e^ubstantially reduced if persons at rislT 
- irpproved just five habits: diet^smokingHiack of Aercise, 
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alcohol abuse, and use of antihypertensive medication**' 
(p. 14). * r • • , 

i In recent years, importaiit associations between psy- 
chosocial variables and physical disease outcomes have 
been documented. *A biobehavjprai paradigm has emerged 
fronMljis work in^an effort* tp advance scientific under- 
standing beyond the descriptive level. In contrast to a 
purely correlational approach^biobehavioral research 
explores basic mechanisms linking behavioral processes 1 
*,^to disease states. THis research involves integration of 
^ behavioral science principles and methods witivbiomed- 
/ical knowledge bf the disease'being studied. An Example* 
v fjs provided by recent evidence linking psychosocial fac- 
tors (e.^^ emotional stress) to the- development of car- 
* ^didvasfcular disease Behavioral scieptists working in this 
area are devoting increasing attention to physiological 
'processes (e g., neuroendocrine activity) implicated in 
the development of coronary heart disease in brder to 
' determine how these processes 'are influenced by behav- 
ioral events. • 



MECHANISMS INVOLVED t 

The processes linking behavior to physical illness of 
various kinds may be grouped into three broad cate- 
gories, as outlined on the following pages. » „ 

Direct Psychophysiological Effects % 

Tlje'first category invojves alterations in tissue function 
vialTeuroendocrine and other physiological responses to 
- psychosocial stimuli. This mechanism encompasses bod- 
ily changes without thO- intervention of external agents 
/ such as cigarette smoking or dietaiy risk factors, al- 
though^the two sets of variables mayffroduce interactive 
effects (e.g., stress and smoking hiight increase, syu- 
ergistically, the*fisk of coronary heart disease)? 
Central to this process is the concept- of stress; vvhich 
t was originally described^ Hans Selye (1956)ja$£ nort- 
s{5fecific response of the body to external demands that 
are placed upon at. According to Selye, the stress re- 
sponse proceed^ * n a characteristic, three-stage pattern 
which ' involv es^ variety 'of .physiological* systems 
( neural, ^hormJB,. and metabolic) in complex inter- 
relation..^! eJBkther. The term "stress" is also used 
^chaId|^B|ns^(Cox/1^78; Lazarus, 1966) to 



in a;psychc 

refer to an inteiWPstate of ^'individual who is per- 
ceiving threats, to physical and/or psychic well-being. 
This broader use of the term places emphasis* on the 
organism's v perception and evaluation of potentially 
harmful stimufi, and tonsiders. the perception of threat 
' to arise from a comparison between the demands imposed 
upon the individual and his felt ability to cope with these 
demands perceived imbalance in this" mechanism, 
gives risaTto the experience of stress and to the streSs 
response, which may be physiological and/or behavioral 
jn natures " 
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, Physiological responses to stress include neural and 
endocrine activity, which>in turn, can influence^ jvide * 
range of bodily processes* including metabolic rate/car- • 
diovascular and autonomic nervous system functioning, 
and altered immune reactions (Levi, 1979, Mason* 
19/71). Short-term stress responses include hormonal and 
cardiovascular reactions (e.g., increased heart-rate, blood 
pressure), which may precipitate clinical disorders (e.g., 
^ stroke, cardiac fffstabilities and pain syndromes:, psy- 
chosomatic symptoms, fete.)' in predisposed individuals. 
If stimulation becomes pronounced^ prolonged, or re- 
petitive, the result may Be chronic dysfunction in one 
or more systems (e.g., gastrointestinal, cardiovascular, 
etc.)'. 

Early stress research (Selye, 1956) emphasized the 
generality or nonspecifteity of responses to a wide variety 
of stimuli, but subsequent work has recognized that the 
link between stresj^and disease is not simple, instead, 
it depends upon me context in which the stressful agenr 
• occurs, how individuals appraise it, and the social sup- s 
ports an4 personal resources available (Lazarus., 1966; 
F. Cohen ef al., 1981; Mason, 1971). There are wide 
individual differences in physiological rdsponsesJo stres- 
sors, which depend not only on fSological predisposi- 
tions (Levi, 1979), but also orrthe individual's felt ability 
to cope with or master conditions of harm, threat,* or 
\ challenge. For example, ^stressful events (e?g. f failure, 
Iqss of loved ones, divorce, etc J are inevitable through- 
out the life cy^le, yet only a minority of individuals 
suffeHasting adverse^eff£Cts. Research has shqwn that - 
a variety of social and psychological factors te.g,, styles 
of coping, social supports provided by others) act to 
A modify or buffer the impact of stressful events on illness 
(Cohen et al,. 1981). > 

It should be emphasized tmi since the processes in 
this' category involve functional alterations brought 
about, in $jgt, by*xptfsure to psychosocial stimuli, ad-, 
equate scientific understanding requires a specification 
of mediating physiological propesses (e.g. # sympathetic-. ' 
' adrenomedullary a^pjtiiitar/-adren6corticaraxes). It 
is not enough to establish correlations between disease 
endpoints*aneLbehavioral variables. 

'Healtfi-lmpairing Habits and Lifestyles 

A,secoqd means by which behavior leads to physical 
•illness occurs when individuals'' engage in habits and • 
styles of life that are damaging to heStth. Personal habits 
play a critical roje irUhg development of many serious 
diseases,, as^amply documented by the recent Surgeon 
General's reports *on smoking and health, ajid health 
pronation and disease prevention. Cigaretfe'-smoking is 
probably the most salient behavior in this category, for 
, it has been implicated as a risk factor for tjiree leading 
causes of death in the United" States — coronary heart 
disease, cancer, and stroke. However, poor diet," lack * 
of exercise, excessive alcohol consumption, and poor 
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hygienic pracuces also have been linked to disease out- 
. comes.-TheSe Jiabits may be deeply rooted in cultural 
practices jtf inrtiited by social influences (e.g., smoking 
to obtain peer group approval). Thev may be maintained 
as part of an-achievema«t-oriented lifestyle, as well as 
'•by the interaction of biological and behavioral mecha- 
nisms of addiction^berefore, a majoV focus of behav- 
ioral medicine research has *beeh on the role of socio- 
cultural systems, lifestyles** and psychophysiological 
processes in the etiology-and pathogenesis of the chrSnic 
diseases. Considerable attention also has been directed 
toward the development of techniques to modify those 
behaviors that constitute risk factors for illnesses. 
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Reactions to Illness and the Sick Role * 
A third proceis through which behavior leads to pj^sical 
illness'occurs when individuals minimize the sigqj^- 
cance of symptoms, delay in seeking medical care, or 
fail to comply with treatment and rehabilitation regi- 
mens £)ne prominent example is the sizable number of 
heart attack patients who procrastinate in seeking help, 
thereby endangering their chances of survival. These 

^'actions are representative of a large area of study con- 
cerned with the way people react to the experience of 
organ dysfunction (illness behavior), as well as to* the 
expenence'of being in the role of a sick person (patient- 
hood). To succeed, modic^ therapies require that the 

* patient follow the physician's advice, but an extensive 
literature reports disturbingly low rates of compliance 
'with health and medical care regimens # (Sackett and 
Haynes, 1976), Accordingly, there has been consider- 
able research on Social and psychological processes ih : 
volved in patients' reactions to pam and illness, the de- 
cision no seek medical care, and medical compliance. 
# ' This research has led to Jhe development of interventions # 
that have been applied in treatment and rehabilitation* 

<* * i 

settings . 

♦ 

•OVERVIEW* 

* The categories outlined above direct attentidh to trie 
' range of behavioral vanabjes, acknowledged as impor- 
tant factors in somatic health and illness. Traditionally, 
biomedical and behavioral scientists have studied many 
of these same problems independently of one another 
and from different perspectives. In recent years, there 
has been more interdisciplinary contact along with a 
growing audience for complex problems of behavior and 

health. t ' ' . 

In a paper of this length, it is impossible to represent 
H fuUy,the broad spectrum of health-related behavioral re- 
search. Therefore', this essay will not attempt to discuss 
mental illness categories or substance abuse disorders, 
except insofar as they are related to physical disease 
endpoints (e*. g., cigarette smoking leading to-cancer and 
heart disease). Instead, we will consider first. the liter- 



ature on behavioral and social factors in the etiology and 
pathogenesis of selected physical diseases such as can-, 
cer, psychosomatic disorders (e.g., ulcers), and infec- 
tious disease. Because considerable progress has been 
made in understanding the relationship bfctweep behavior 
and the major cardiovascular disorders (the leading cause 
of death in the United States), emphasis will be directed 
to this area as an exemplar o£ the biobehavioral approach, 
to physical* illness. Next, consideration wil^be given to 
/ treatment, rehabilitation, and prevention of physical dis- 
ease. This discussion will not be limited to any one 
disorder but, instead, will emphasize themes that have 
relevance to a variety of somatic illnesses. We will con- 
clude with an overview of research* directions projectgd 
y for the next five years. * 
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BEHAVIORAL FACTORS IN THE ETIOLOGY 
AND PATHOGENESIS OF PHYSICAL DISEASE 

In 1900, the leading causes of death in the*United States 
w^ere pneumonia, influenza, and tuberculosis Changing 
patterns of illness since that time have been marked by 
the ascendancy of cardiovascular disease «as the chief 
cause of mortality in this country. Tha cardiovascular 
disorders, including coronary heart-disease vand high 
blood pressure, now account for more than half of, nil 
"deaths, A large percentage of these would be classified ' 
as "premature," for they occur during the middle years 
of 35 to 50 (National Science Foundatjoif, 1980). 

ATHEROSCLEROSIS. CORONARY HEART DISEASE. AND 
SUDDEN DEATH 

Coronary atherosclerosis is a symptomless condition • 
characterized by narrowing and deterioration of the ar- 
teries, including the coronary arteries, that is, blood ves- 
sels that nourish the heart. An excess accumulation of 
cholesterol and related lipids forms a mound of tissue, 
or atherosclerotic plaque,' on the inner wall Qf one or 
more oHhe coronary arteries (Hurst et ah, 1978). The 
formation of atherosclerotic plaques may proceed un- 
detected for years, affecting cardiac functioning only 
when they cause a degree of obstructioa sufficient to 

. diminish blood supply to the heart. Once this occurs, 
coronary atherosclerosis has evolved into coronary heart 
disease (CHD). 

In one form of CHD, angina pectoris, occasional in- 
stances of;inadequate blood supply (ischemia) cause the 
individual to experience attacks of chest pain. Although 
ischemia per se does; not cause permanent tissue damage, 
angina'is a painful condition that can lead to more serious 
complications. A more 'severe and frequent fatal con- 
sequence of CHD is myocardial infarction (MI), or heart 
attack, in which a prolonged state of ischemia results in 
death of a portion of the heart tissue. Otrier manifesta- 

fc tions of CHD include congestive heart failure, conditions 
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( «s£condary to MI g /ventricular failure, hear* rupture); 
and disturbances of the conductive or beat-regulating 
portion of the heart, i e., % the arrhvthmias (Hurst et frt.\ 
1978).- 

Standard Risk Factors for Cardwxasudar Disease 

Individuals who are likely to develop coronary heart 
disease may be identified wifli a modest degree of ac- 
curacy/This is possible becaus^ a set of ''risk factors!' 
has been recognized in recent years. A CHD risk factor 
is an attribute of the population of interest, or of the 
environment, which appears to increase the likelihood 
of developing one or more of the clinical manifestations 
ofasardiovascular (iisease. The following risk factors 

f bave been identified: (1) aging; (2) sex (being male), 
(3) elevated serum cholesterol and related low-densitv 
lipoproteinW / (4) dietary intake of animal fats and cho- 
lesterol; (5) high blood pressure, (6) heavv cigarette 
smoking; (7) diabetes mellitus, (8) specific diseases such 
as hypothyrQidism, (9) family history of coronary dis- 
use; (10) obesity; (\ 1) sedentary lifestyle, and (12) spe- 
cific anomalies of the electrocardiogram, such as evi- T 

/dence of left ventricular hypertrophy (Kannel et al., 

- 1976 ) ^ 

It should be emphasised that the predictive value of 
these variables is, in most cases, far from being a settled 
issue^For example, the pathogenic influence of a sed- 
entary Hfetyle and obesity per se failed to receive em- 
pirical support in a number of investigations (Mann,. 
1974).»Early emphasis placed upon the role of dietary 9 
fat intake has also been challenged in recent years (Mann,. 
1977). Suffice it to say here that coronary disease^has 
a multifaceted etiology that involves many of the factors 
listed above in varying degrees of importance. 

The risk-enhancing effects of the standard riskTactors 
have been viewed in terms of their physiological influ- 
ence (e.g., toxic effects of tars and nicotine, the role of 
salt intake in regulating blood pressure levels, the rela- 
tionship between diet and serum cholesterol). Noj 
ever, that many of "these variables are determined,, at 
least partially, by behavioral factors. For exampKx, cig 
arette smoking is a preventable behavior undoubtedly 
brought about by psychosocial forces (LeventhaJ 
Cleary, 1980) Cultural, racial, and- social class groups 
differ in serum cholesterol levels,- independently of di- 
etary practices (McDonough et al., 1965). Enhanced risk 
due to sex and age may also derive from non-biological 
correlates of these variables, such as occupational pres- 
sure, stressful life events, and behavior patterns (Eis- 

xiorfer and Wilkie, 1977; Riley and Hamburg, 1981). 

Resting blood pressure levels differ between racial 
grqups, socioeconomic status, and cultures (Weiner, 
1977). Family history of coronary disease, while in some 
cases linked to a specific genetic mechanism (e.g., Gold- 
stein and Brown, 1974), may also lead to enhanced risk 
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of CHD through psvchosocial channels such as lamilv 
patterns of cigarette smoking, diet,, andys^ioeconomic 
conditio^. At least twojmplications follow, from these 
observations: (1) analysis of the etiology and pathogen- 
esis of coronary disease must be extended inty the do- 
main of psvchosocial factors, and (2) psvchosocial fac- 
tors should be considered important targets in the 
prevention and jreatment of CHD. 

Psychosocial Risk Factors for Coronary Disease 

9 5 

The best combinations^ the standard risk factors fail 
to 'identify most new cases of heart disease (Jenkins,. 
1971). Some variable or set of variables appears to be 
missing from the predictive equation. This limitatioh in 
knowledge has led to a broadened search for influences 
and mechanisms contributing to coronary risk, it n$w 
includes social indicators such as socioeconomic status 
and social rhobihtv, and psvchological factors such as 
anxietv and neuroticism, psvchological sfress. and overt 
patterns of behavior. The results have been encouraging, 
though not uniformjv so. The two most promising psv- 
chosociar risk factors to emerge in recent \ears are psv- 
w etiological stress au^ie Type A coronary -prone behav- 
ior pattern (Jenkins7^71). 

Psychological Stress As noted earliei.. -Selve (1956) 
first popularized the notion of stress, wjiich he defined 
as the bodv's non-specific phvsiological reaction to nox- 
ious agents or stressors. Ivlore rccentlv. psvchological 
investigators such as Lazarus (1966) and Mason (1971) 
have taken exception to this view . arguing that the body's 
response varies with the particular type of stressor and 
the context in which the stressprfcecurs (Lazarus, I9(>6. 
Glas5 and Singer, 1972). 

Several indices of psychological stress have been stud- 
ied in relation to the development of coronary disease. 
Research suggests that excessive work and job respon- 
sibility may enhance coronary risk, especially when they ^ 

^approach the limits of the individual's capacity to control 
his work environment (Haynes et al.. 1980, House, 
1975). Another job^related stressor that appears toJbe * 

plated to* coronary disease is reported work dissatisfac- 
tion, such as lack of recognition by superiors, poor re- 
lations with co-workers, and inferior work conditions 
(House, 1975). X)ther life ^dissatisfactions, including 
problems and conflicts in areas of finance and family, 
have been correlated with the presence and future de- 
velopment of coronary disease -(Haynes et al., 1980; 
Medalie et al., 1973). 

The experience of a single, traumatic life event has 
long been suspected as a cause of clinical CHD (e.g., 
Cannon, 1942). More recently, it has been suggested 
thaHhe cumulative effects of repeated adjustments re- 
quired by life changes drain the adaptive resources of 
the individual and increase susceptibility to a variety of 
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diseases. To test this, an objective urttrument-rthe Social ■ 
Readjustment Rating Scale ($RRS?, was developed by 
HolmeS and Rahe to assess the impact of such events,as 
» the death of spouse, a change to a different line of work, 
and a son or daughter leaving home (Holmes and Rahe, 
1967). 

^Several retrospective studies have psed this technique 
iri'an effort to link the accumulation of life events with, 
the occurrence of coronary disease (cf, Garrity and Marx, 
1979).JFor example, survivors of myocardial infarction 
Jfyjyt show a<pattem increa&dlife changes during the period 
approximately one and one-half years before the MI, 
whereas healthy control subjects reported a relatively 
stable number of Jife events during the same period 
Other research, in which information regarding 'life 
events prior to sudden cardiac death wa^s obtained from 

* - a survivor of the deceased (usually the spoose), revealed 

an accumulation in the intensity of life events in the 6 
months prior to death (Garrity and Marx, 1979). 

Despite replication ot the foregoing findings, negative 
results have been reported as well (e.g , Hinkle, 1974) 
Reviewers point to defects in the methodology of ret- 
rospective designs that might account for the*positive 
findings (Dohrenwend and Dohronv^end, 1^78). How- 
ever, such'explanations cannot explain significant as- 
sociations obtaineoT in prospective studies in which data 
' concerning psychosocial stressors were obtained prior 
to the development of disease (e.g., Haytfes et al ,^1980; 
Metlalie et al., 1973). 

The relation of stress to pathological outcomes de- 
pends upon both the adaptive capacity of the individual 
before the stressor occurs and the resources marshaled 
in response to its occurrence (Cohen et al., 1981). It 
follows that variables moderating the impact of stress 
niust be taken into account in order to gauge the pre- 
dictive validity of stress as a risk factor for coronary 
disease. These moderators indude biological factors 
(e.g., genetic susceptibility, general state of health); psy- 
chological attributes (e.g., felt ability to cope); aspects 
of the immediate context in which the stressor occurs 
(e.g., whether the stressor is perceived as controllable); 
various sociocultural variables (e.g., amount of social 
support from other people and/or tfie health care system); 
. and f^ptors related to the life course (e.g:, the ex|5ect- 
edness of*vents afa certain stage of life). For example, 

• there is evidence that individuals who have social* sup- 
ports maf live longer, have a lower incidence of somatic 
illness, and possess higher morale and more positive 
mental health (Cohen et al., 1981). 



. Type A Coronary-Prone Behavior Pattern, Perhaps the 
most thoroughly investigated psychosocial nsk factor for 
coronary disease is the Type A behavior pattern (Ro- 
senman and Friedman, 1974). Type A (or Pattern A) is 
characterized by extreme competitiveness and achieve- 
ment striving, a strong sense of time urgency and im- t 
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patience, hostility, and aggressiveness. The relative ab= 

* sence of these traits is designated as Type B, 

The Type A concept does not j-efer-^mply to the con- 
ditions that elicit Pattern A behavior, norto the responses 
per se. nor to some hypothetical personality trait that 
produces them. It refers, instead, to a soNof beg^iors 
that occur in susceptible individuals'undef^appropnately 
stressful ,and/or challenging conditions. Pattern A is, 
therefore, the outcome of a per^n-situation interaction, i 
It is not a typology, but a behavior pattern, which is 
displayed fri varying degrees', at one time or another, by 
everyone. 

People who consistently display Type A characteris- 0 
tics have long -been suspected of being at greater risk for 
clinical CHD (Osier, 1892). However, the ntajor impetus 
for research validating this hypothesis comes from work ^ 
initiate^ by cardiologists Meyer Friedman and Ray Ro- 
senman only two decades ago These investigators de : 
veloped a structured" interview (SI) which constitutes the 
major tool for the diagnosis of Pattern A. More recently, 
two self-administered questionnaires have been devel- 
oped to detect Type A behavior. * ' 

Although several studjes have documented an asso- 
ciation between Pattern A and CHD. the most convincing 
eni3Snce comes from the WCGS, or Western Collabo- 
rative Croup Study (Rosenman et al., 1975). In this 
prospective, double-blind study, more than 3\000 ini- 
tially healthy men, 39 to 59 Vears of age, were assessed - 
i for a comprehensive array of soctal, dietary, biochem- 
ical, clinical, and behavioral variables. An eight and * 
one-+ialf year follow-up showed that subjects exhibiting 
Type A behavior at the study's inception were about 
.twice as likely as Type B individuals to devefop coronary 
heart disease (i.eT, angina pectoris or myocardialHTfarc- 
tion). This two-fold differential in risk remained when 
statistical procedures- were used to control for the. influ- 
ence of other risk factors such" as cigarette smoking, 
serum cholesterol, and high blood pressure. This re- - 
Barch^lso has linked Pattern A to sudden cardiac deatn 
(Frifcclman et al., 1973) and recurrent MI. 
# An eight-year follow-up of data from the Framingham 
Study, a large-scale' prospective study of heart disease 
undertaken by the National Institutes of Health, indicated 
that Pattern A is predictive of GHD in both^nen and 
women, although for male subjects the enhanced risk 
appeared only among white-collar workers (Haynes et . 
gl., 1980). After controlling for the influence of the tra- 
, ditional risk fetors, it' was' found again that" Pattern A 

* conferred increased* CHD risk. The prospective associ- 
ation of Pattern A with coronary disease in the WCGS * 
and the Framingham Study constitutes strong evidence 
for the independent pathogenic influence of the behavior 
pattern. 

There* may be an association -between* Pattern A and 
coronary athercteclerosis. Supporting evidence has been 
obtained through 'the use of coronary -angiographic tech- 
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* niques that make' it possible to quantify the extent of 
coronary artery disease in living patients (e.g., Blumen- 
thai et al., 1978). In a recent study of men who under- 
went repeated coronary angiograms, an association was 
found between Pattern A and 'the progression of ather- 
osclerosis (Krantz et al., 1979). It should be noted, how- 
ever, ^har evidence for the association between Pattern 
A and CDTDfrar^atherosclerosis is not unequivocal (Dirns^ 
dale et al., J 980). 

Pathophysiological Mechanisms Linking Stress and Be- 
havior Pattern A to Coronary Disease It is not enough 
to demonstrate a relationship betweefi CHD risk fac- 
tor^-whether biomedical or psychosocial, in nature— 
and the occurrence of cardiovascular disease. The precise 
mechanisms mediating the association must be specified. 
Although the pathogenesis of coronary disease is not 
completely understood, several factors are believed to 
play a major contributing role. These include a variety 
vf physiological* and biochemical states which may en- 
. hance coronary risk by influencing the initiation and pro- 
gression of atherosclerosis and/or by precipitating clin- 
ical C!HD (Herd, 1978, Ross and Glomset, 1976). Many 
of these physiological states, have been observed in ex- 
perimental studies of psychological stress. For example, 
hemodynamic effects such as elevated heart" rate and 
bloed pressure, and biochemical changes such. as fn- 
creased levels of. serum cholesterol, are produced m an- 
imals under prolonged or severe stress (Schneiderman, 
1978). It has been observed, in addition, that a reduction 
in blood-clotting time occurs under conditions 6f stress 
and, in some cases, degeneration of heart tissue has been 
repOrt^as well. Other animal research has hnk'ed lab- 
oratory stressor^ to a lowered threshold for ventricular 
^arrhythmia. anc^ for ventricular fibrillation (e.g., Lown 
et al., 1973), a state which leads to sudden cardiac death 
unless immediate treatment is given. 

Potentially pathogenic states also have been observed 
in studies of psycholQgical stress in healthy humans. For 
example; life stressors such as qgcupational pressure 
have been shown to produce biochemical changes such 
as, elevated Jpvels of serum chojesterol (Friedman e/ al., 
•1^58). Other research has demonstrated an association 
of increased heart rate aad 'blood pressute with stressors 
such as the performance of mental arithmetic, harafcs- 
,'ment, and threat of elactric shock. Still other studies 
report that ti^ stress^ of automobile driving public 
speaking^ and "discussion* of emotionally-charged topics 
p?bvoke ventricttl^r arrhythmia (Herd, 1*978). s 

K notable feature; of the forego/ng research is the 
measurement Jbf physiological reactivity in response* to 
stress, as distiitct from the observation of kasal or resting 
levels^of physiological variables. These changes in func- 
tioning, which are not detected by basal risk-factor meas- 
•uremem, are^believed to yield a better index of the path- 
cTgenic processes involved in coronary disease. In 
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addition, by observing such changes in response to real- 
life or laboratory-induced stressors, pathogenic states 
may be detected within the contexLof their psychosocial 
antecedents. 

The physiological concomitants of psychological, stress 
are believed to result from activation of tHe sympathetic- 
adrenal medullary system (SAM) and the pituitary- 
aarenocoTtTcaraxis~(PAC). Interest in toetyifcact 0 f SAM 
- activation on bodily reactions to emergency situations 
may be traced to Walter Cannon's work on the fight or 
flight response. This neuroendocrine response apgears 
to be elicited in situations demanding effortful coping 
with" threatening stimuli (Frankenhaeuser, 1971). The 
hormonal responses ot the PAC axis were emphasized 
by $elye in his notion of a generalized physiological 
response to aversive stimulation. The PAC secretions 
include a number of hormones that influence bodily sys- 
tems of relevance to the development of coronary dis- 
ease. The corticosteroids., which include Cortisol, regu- 
late the metabblism* of cholesterol and other lipids 
involved in the atherosclerotic process. Activation of the 
SAM^ system also may have a special significance in 
mediating stress-related pathophysiological changes. 
Particularly culpable in this regard is secretion of the 
catecholamines, epinephrine and'norepinephrine, which 
are believed to induce many of the pathogenic states 
associated with psychological stress. These 'include in- 
creased blood pressure and heart rate, elevatjon of blood 
lipids,- acceleration of the rate of damage to the inner 
. layers of the coronary arteries over time, and provocation 
of ventricular arrhythmias, believed' tq lead to sudden 
death. * , t * 

/ The same pathophysiological mechanisms linking 
sjress and coronary, disease may apply, ajortiori, to 
Type A individuals, thereby accounting, in part, for their 
enhanced coronary risk. Research has shown greater 
urinary catecholamine secretion during the working'day 
and greater plasma catecholamine responses tq compe- ' 
titionand stress among Type A's compared to Type B«s 
(Rosenman, and Friedman, i 974). Recent studies by 
Glass et al. (1980) also hhve demonstrated higher ele- 
ctions in plasma catecholamines among Type A indi- 
viduals in situations of^hostile competition. Subjects 
were led to believe they would competitor a prize with 
an opponent < who was actually ah experimental /confed- 
erate) on a challenging electronic game. A and B/subjects 
• wete exposed to one of two experimental conditions, in 
the No Harass condition, tlfe confederate remained silent 
and^simp^ competed against the subject. In the Harass 
condition,. the same procedure was followed with one 
variation; the conYedfiwrfe made a series of pre^ 
, programmed remarks designed to harass the subject. 
Throughout the task, blood pressure and heart-rate were 
measured and blood Samples were drawn via an in-dwelling 
venous; catheter. Results showed that harassment had' 
an Effect on plasma catecholamines, bloocf*|5ressure, and 
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lieart rate for both types of subjects. Hbwever, of those 
harassed* Type- A> ^showed increased elevations of 
plasma epinephrine, systolic blood pressure and heart 
rate. These cardiovascular and neuroendocrine changes 
are consistent with the findings ot other investigators 
indicating greater cardiovascular reactivity among A's # 
than B's in challenging situations (Dembroski et al. 
1978; Herd. 1978). 

i 

HIGH BLOOD PRESSURE 

High 1 blood pressure talso called essential hypertension) 
is a condition of unclear etiology in which blood pressure 
shows chronic elevations. When the disorder becomes 
developed tully. increased pressure is usually due to a 
constriction or contraction of blood vessels throughout 
the body <Page and McCubbin. 1966). Although high 
blood pressure (HBP) is a symptomless disorder, there 
is epidemiologic evidence that even mild blood pressure 
elevations are associated with a shortening of life ex- 
pectancy (Kannel and Dawber. 1971). and increased risk 
of coronary heart disease and stroke. As is the case with 
CHD. the causes of HBP are believed to involve complex 
Interactions among genetic, socio-cultural. behavioral^ 
'and physiological processes. ' ' 

Heterogeneity of thepisorder and Physiological 
Mechanisms j 

Essential hypertension is not a single, homogeneous dis- 
, ease. In the development of the disorder, blood pressure 
\ is thought Jto progress over a penod of years from mpd- 
erately elevated or "borderline" levels. to more appre- 
ciably elevated levels, called '"established" hyperten- 
sion. Several pathogenic mechanisms may bring about 
blood pressure elevations, and different physiological 
and/or behavioral me/chanisms are implicated at various 
stages of the disorder. For example, individuals with 
borderiine hypertension are commonly observed to have m 
an elevated cardiac output (i.e. . amount of blood pumped 
by the heart)- but little evidence of increased resistance 
x i^the flow of blood in the body's vasculature (Julius and 
Esler. 1975). As noted earlier, this physiological pattern 
is consistent with increased activation of the sympathetic , 
nervous system, which is the body's initial reaction to 
psychological stress. However, in older individuals with - 
more established high blood pressure, cardiac output is 
either normal or depressed, while the vascular resistance 
is elevited. -Although psychological stimuli such as 
emotionally-stressful events have been shown to correlate 
highly with the exacerbation of hypertensive episodes 
in diagnosed patients (cf. Wemet, 1977), recent research f 
on behavioral influences has focused increasingly on / 
earlier stages, rather than on the culmination of the 
disease." 

In addition to cardiovascular adjustments and changes , . 
the physiological mechanisms of high blood pressure 



probably involve the interaction of the central and auto- 
nomic nervous systems, the endocrine-hormonal system, 
and the kidneys. Accordingly, behavioral factors (in par- 
ticular, psychological stress), might play a role in the 
etiology of HBP via a numberjpf physiological pathways* 
(Kaplan, 1980). Recall, that stress leads to discharge of 
the sympathetic'nervous system and to incr eases in c at e- 
cnWmTnes. High' levels!)? "blood andTissue catechol- 
amines have been found in some hypertensive humans 
and animals (Julius and Esler. 1975) Such elevations* 
could lead to increased blood pressure via increased heart 
rate and force of heart action, constriction of peripheral 

* blood vessels, and/or activation of a hormonal mecha- 
nism iri the kidney that constricts the vasculature (Ka- 
plan, 1980) and regulates the volume of blood (see be- 
low). It should be noted that the cardiovascular system 
has an intrinsic means of regulating blood How, namely, 
the constnction of blood vessels whenever blood flow 
is increased (autoregulation) Elevated output of blood 
from the heart produced by nervous system activity might 
also lead to pressure elevations via this mechanism. 

There has been much investigation of the role of the ■ 
kidney in hypertension The enzyme, renin, which is 
released by the kidney, is involved in a physiological 
regulatory process (the renin-angiotensin-aldosterone 
mechanism), which leads the kidfley to,increase water 
reabsorption and expand the volume; of blood, thus rais- 
ing the pressure (Kaplan, 1980). The process of renin 
release normally should be dampened whenever the - 
blood pressure is raised, but in a subcategory of indi- 
viduals with HBP.' level^of renin in. the blood is inap- 
propriately high. Thus, presumably, both with or without 
the involvement of the sympathetic nervous system, the 
renin-angiotensin system is an important mechanisrn in 
etiology and maintenance of high blood pressure. 

Genetic-Environment Interactions f 

The prevalence of essential hypertension in the U S. 
usually increases with age, and below the age of 50 years 
it occurs with, less* frequency in women than 'in men 
(Weinef, 1977). Evidence front animal research and 
studies of human twins indicates that genetic factors play 
. a role in the etiology of the disease (Pickering, 1967). 
This evidence suggests that many ,genes are involved in 
the susceptibility to HBP, and it is likely that in humans, 

* sustained elevations in bload pressure are produced by 
an interaction of a variety of environmental and genetic * 
factors. Consider that epidemiological studies reve^L a" 
difference4ft4fie prevalent of HBP among various social 
arid cultural groups, a difference which cannot-be ac- 
counted for by genetic factors alone (Henry and Cassel, 

1969). For example, in the JJnited States; hypertensipn 
.i£ more common an\ong blacks Jhan among whites, but 
the prevalence of high blood pressure is greater in poor 
than in middle class black Americans (Harburg et al., 
1973). Animal research, described below, similarly re- 

m 



* veals examples where envirdnmental factors (such as 
dietary salt intake or environmental stress) lead to sus- 
tained blood pressure elevations only in certain genetic 
strains. Closely related to this observation is the finding 
that family members tend to have similar blood pres- 
sures "Although the prevalent view attributes this solely 
to_a_ ffiw - tir s o urce , there is -emer ging "S vq deRee s tt^ 
gesting joint genetic and.envirofimental effects. A pos 
sible environmentally-determined behavioral factor, famil> 
social interaction, is illustrated by a recent study which 
observed more" negative nonverbal behavior (e.g., gn* 
mating, gaze aversion) among families with a hyperten- 
sive father, compared to families with a normotensive 
father (Baer et a!., 1980). 

Behavioral FactSrs* 

Sociocultural and psychological studies of humans, in 
conjunction with animal research, have identified some 
environmental factors related to behavior that might play 
a- role in the initiation Qf HBP Tf\ese factors include 
dietary intake ofealt, obesity, and psychological strfss 



Dietary Salt intake Much has been written ^bout the 
role of salt in essential hypertension, largely because 
excessive intake of sodium is thought to increase the 
volume of blood However, studies indicate that high 
salftoitake may be associated with^ high blood pressure 
levels only in some cultures and population groups. The 
relationship between salt intake and HBP appears to be 
Complex, aftd'-salt intake may result in* sustained blood 
pressure elevations only in genetically predisposed in- 
dividuals For example, Dahl and co-workers '(Dahl et 
al , 1962) found that there &re salt-sensitive and salt- 
resistant strains, of rats; more recently, studies of in- 
creased sodium intake in humans have noted that mild 
hypertensive patients can be divided into groups that are 
differentially sensitive to increased salt intake (Kawasaki < 
et a!., 1978). , , d . 

Research also suggests that, reduction in sodium intake 
can result in decreased blood pressure (Shapiro, forth- 
Apming) Evidence that decreasing sodfum intake in the. 
diet will 'lower blood pressure in humans- derives from 
several sources*: from studies showing the effectiveness 
of diuretic (sodium and fluid excreting) medication; from 
studies demonstrating that drastic sodium restriction can 
, measurably lower- blood pressure (cf., Shapiro, forth- 
coming); and, conversely, from studies'indicating (ftat 
Healthy persons pu|f on high $od(jjjm diets* show pressure 
increases. At present we do not fulty understand the 
human craving for salt intake in excess of physiological 
needs, but*evidence suggests thaULffiay, in part, be a 
habit that is learned. /"* 

Obesity ^Otesity is another cultural and'bejia vioraj phe- 
nomenon tfift plays an important role in hypertension, 
although the precise reasorfs for, the fiigher prevalence* 
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of high blood pressure in obese patients have not been 
determined. In the case of obesity, recertt studies have 
determined that weight loss can result in significant de- 
creases in blood pressure (cf. Shapiro, forthcoming): As 
is the case wijh all non-pharmacologic approaches in- 
volving lifestyle alterations, effective treatment ojjt- 
depeud nut ouly outproducing transitory changes 
in behavior, but also on the maintenance of these changes 
and sustained compliance with ^escribed regimens. We 
will discuss these issues more fullyin a later section of 
this chapter. 



Psychosocial Stress Stresfoleriving from psychosocial 
causes is yet another factor\mplicated in the etiology 
and maintenance of high blooti pressure. -As previously 
described, psychological stimuli that threaten the orga- 
nism result in cardiovascular and endocrine responses 
that can play an important role in. the development* of 
hypertension (Julius and^ Esler, 1975). The brain and 
central nervous system, which are involved in determin- 
ing whether situations are harmful or threatening', thus 
— play^a-role-irt-physi^logical mechanisms mediating the 
impact of noxious stimuli. On a societal level, there is* 
some evidence that blood pressure elevations occur Under 
conditions of rapid cultural changes and socio-economic 
mobility. Moreover, there are many studies in which 
^primitive" populations living in small cohesive soci--* 
eties were found to have low blooc^pressure that did not 
increase with age. When members of such societies 
migrated to areas where they were suddenly exposed to 
-Western culture,* they were found to have high levels of 
blood pressure that increased with age. This suggested 
some cumulative effect of the new living conditions that 
became evident over the course of the life span (Henry 
and Cassel, 1969). * * 

Whereas such studies^ran attempt to rule out con- 
founding factors, (e.g., diet, sanitation, etc.) by using 
V carefully matched control groups and by employing sta- ' 
tistical' control- techniques /there are inherent limits to 
conclusions that can be reached from con^Jauefial re- 
search. Experimental techniques for lpdtfcing HBP in 
animals offer the ability 'to control both genetic and en- 
virqnmentA factors by manipulating separate variables 
■ relevant to the course of/ this disorder (Campbell and 
Henry, forthcoming). 'Accordingly, various animal models 
of experimental high blood pressure indicate that the 
brain participates at*some stage <* another in the devel- * 
opment or maintenance of increased. blood pressure lev- * 
els.. The role of stress in the etiol6gy of hypertension is 
supported by experimental studies demonstrating that 
sustained and chronic blood pressure elevations can be 
' produced in artimals expose^ to environmental events 
A such as fearof shock, social* isolation followed by crowd- 
• in§, and experimentally produced conflict (cf. Campbell 
and^Heno^fortHcoftiing). Studies have also shown that 
, animals placed on learning- schedules that reward them 
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for conditions in which blood pressure remains elevated 
display sustained* blood pressure elevations. Thus, there 
is the possibility that learning and conditioning processes 
might be involved in the development of tHfe hypertensive* 
state. In accord with our earlier discussion of genetic-^ 

e nviron *"' mtera ftions studies have demon st r ated th a t 

strains of animals jhat are genetically susceptible to hy- 
pertensioOteateo susceptible to stress-induced pressure 
elevations, Dahl, Friedman and their co-workers (e.g., * 
Friedman and Dahl, 1975) identified a genetic strain of 
nys that develops severe HBP if excesVsalt.is ingested. 
* While oa a low salt diet these rats were subjected to ( an 

/ experimental treatment (called approach-avoidance con- 
flict) which involved punishment for bar-pressing re-'^ 
sponse* necessary to obtain food. Other rats of the same 
genetically-susceptible strain! were yoked to these Tats - 
and received the same amount of food and shock but 
were not subjected to conflict; still others served as con- 
tr<31s>, receiving no shock but having free access to food. 
Results indicated that those rats exposed to the punished- 
eating conflict generally exhibited the highest mean 
blood pressures, followed by those given shock without 
conflict and also food deprived. Furthermore, in a related 
study-Friedman and Iwai (1976) showed that a genetic 

• strain- not susceptible to salt-induced 'HBP did not de- 
velop pressure elevations when subjected to" this same 

f food-shock conflict- situation. - • 

Associations between emotional and behavioral stim- 
uli and the development and/or maintenance of high 

* blood pressure receive additional support from human 
studies indicating'that techniques such as biofeedback . 
an<J relaxation training can be u<$ed to modify the stress- 

* induced components of high blood pressure (Shapiro, 
forthcoming). These techniques, to be discussed in more 
derail in a later section, arb designed to counteract pfes^ 
- ^ure-increasing / stimuli'that;operate through the central 
and autonomic nervous systems. 

Personality Correlates The' traditional" psychosomatic 
approach to HBP proposed that one's emotional dispo^ 
sitionsor personality traits play a causal role in the de- 
velopment o&chronic bipod pressure elevations (Harrell/ 
19S0). The individual susceptible to HBP has been de- 
scribed as one with inhibited and poorly expressed anger 
(supressed hostility), and it has been suggested thatjn- 
„ hibiterf anger expresses itself in stimulation of the auto- 
. nomic nervous system leading to atirte and eventually 
chronicTlBP.. However; although emotionaKstates such 
as anger do lead .to cardiovascular adjustments resem- 
bling HBP; and although identifiable traits have been 
observed in patients with high blood pressurelW^iner, 
"1977), on balance, the search Tor a hypertensive per- 
sonality h^s not yiejded conclusive results. PatientS with 
high blood pressure are not homogenous ^in tSrpis of 
either physiological or psychological characteristics. A 
recent study showed'convincingly that 30% of a sample 



of young male patients with HBP (namely, those with 
mild pressure elevations and high'plasma renin levels) 
displayed both elevations in sympathetic nervous system 
activity and higher levels of suppressed hostility (Esler 
et al., 1977), a behavioral trait independently linked to 



be explained by suppressed hostility .leading to^ blood 
pressure elevations, by increased 'nervous system activity 
as the initial event, or by some other underlyjng factor. 
This issue may ^resolved with further studies of fam- 
ilies of patients with HBP and the'social interaction pat- 
terns that could have a bearing on the personality de- 
velopment of offspring, or with animal research which 
looks at behavioral characteristics associated with the 
development of high blood pressure in susceptible 
strains. > * * 

Behavioral-Cardiac Interactions 
Experimental work has sought to identify individuals 
who are at risk of developing HBP, and the types of , 
situations which might activate generic predi^pQsitions , m 
to high blood pressure. Since the aim is to understand 
mechanisms in the cause of the disorder, research has 
focused increasingly oryh^feeginning stage ^Father than 
the culmination; of the disease. ' ^ 

Given that Borderline high bloc^ftressure' is charac- 
terized by heightened responsiveness of the cardioyas- ^ t 
cular and sympathetic nervous systems ^psychological ^ 
stimuli such as mental stress (Julius and Esler, 1975), - 
recent research has examined the tendency toward large 
episodic or acute, increases in heart rate, blood pressure, 

"and sympathetic ^nervous system hormonal (catechol- 
amine) activity as possible mechanisms involved in etiol- 
ogy. Several groups of investigators (Manuck and Schae^, 
fer, 1978; Obrist, 1981)*, have found that cardiovascufar* 
respbnsivenessMs a stable and persistently evoked re- 
sponse that cap be measured feliably in a laboaatory 
situation. Cardiovascular responsiveness to certain psy- 
chological stimuli has also been related consistently to 
family history 6f high blood pressure (a hypertension # 
risk factor), even among individuals who have nprmal^ f 

. resting blood pressure levels and display no overt signs ^ 
of the disorder (Obrist, 1981; Falktier et al., 1979). For * 
example, in one representative study (Falkner et al., 
1979), adolescents ivith normal blood pressure arid at 
least one parent with HBP displayed greater diastolic 
b'lood pressure, heart-rate, and plasma catecholamine 
responses to a stressful mental arithmetic task compared 
to a control group of adolescents with no family history ^ 

' of HBP. 

Obrist and his co-workers (Obrist, 1981) report that . ' 
cardiovascular responsiveness above Jhe level-that is ef- 
' ficient for the body's metabblic needs" results from sit-, 
uations where active coping or behavioral adjustments 
are required. In active , coping situations, the organism 
tries to exert some behavioral .control over a stimulus. " t 
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By contrast, sympathetica!!) -mediated cardiovascular 
responses do not seem to be elicifed in similar intensit> 
or kind to other stressors (e.gf, a stressful film), where 
the individual remains passive and does>not take direct 
action to attempt to control the situation This*concept 
" of auive coping may underlie those psychosocial con- 
ditions (e*g., rapid cultural change, socioeconomic mo- 
bility) shown by epidemiologic research to be associated 
with blood pressure elevations in some human^>opula- 
tions (e,g., Henry and Cassel, 1969). 

By what, physiological mec^nisms might active cop- 
ing and the resulting periodic increases in sympathetic 
nervous system activity lead to chronic Blood pressure 
elevations 0 Research employing sophisticated pharma-* 
cological manipulations (such as the administration of 
dpgs that selectively block the action of certain neurons) 
reveals that active coping with stress can alterjegulatory 
mechanisms involving two physiological processes. In 
one, the 'heart pumps excessive amounts of blood, and 
in the other, the kidne> .reabsorbs excessive amounts of 
sodium with a resultant increase jn thte volume of blood 
(Obnst, 198!) Tn a series of anirinp studies, stress de- 
creased water excretion to an exWr exceeding the met- 
abolic needs of the organism 4$brist, T981), and exac- 
ertfated or precipitated high blood f pressure in animals 
w.ith impaired kidney function (Harrell, 1980): Studies 
of humans exposed to various stressors (£.g., Obrist, 
1981), revealed that active coping is specifically asso- 
ciated with a pattern of cardiovascular response resulting 
in increased cardiac output. Further research emplo>ing 
selective blocking drugs with humans confirmed that 
these cardiovascular changes resulted from J increased 
activity of the, sympathetic netyouS system. 

In sum, these studies represent several approaches'* 
currently being used b> social and behavioral scientists 
to understand the etiology of high blood pressure. The> 
represent an attempt to move from the symptom?onented- 
and purely descriptive level to a focus on mechanisms. 
These early findings serve to justify further experimental* 
longitudinal, and naturalistic studies.* ^ 
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asthma, and rheumatoid arthritis. We will discuss peptic 
ulcer as a representative disorder in this category. « ' 

A peptic ulcej is a lesion or sore in the lining of the 
stomach or the. duodenum, the upper part o£^he small 
intestine -that lies immediately belbw the stomach. A 



basic problem with the term "peptic ulcer" is imprecise 
definition, for it is used to include both gastac and duo- 
denal ulcefc These two forms have certain common char- 
acteristics* ut also significant differences^ For example, 
duodenal ulcer is usually associated with an increase in 
gastric secretion of tydroclflonc acid and thefttomach 
enzyme, pepsin, whereas gastric ulcer is not necessarily 
characterized in this manner. Indeed, clinicians view 
gastric and duodenal ulcers as separate disorders, asso- 
ciate/ with different predisposing ^nd initiating mech- 
anisms (Werner, 1977). Thus, the general term^peptic 
ulcer*' can tof misleading, for it is not one disease. Dif-* 
ferences ^anatomical focation, natural histbry, patho- 
ph>sioJog>. s>n&£toms, and response to treatment pro- 
duce considerable heterogeneit) Moreover, ulcers are* 
sometimes. "Quiet" in the sense thaMhey cause no dis- 
comfort,- remaining unnoticed. Thus, the researcher m- 
'vestigating this disorder in symptomatic humans is not 
studying a population representative of all those who 
have the disease. 



physiological Mechanisms ft .* /' 

Altho.ugh new evidence about the physiological mech- 
anisms involved, in the pathogenesis of ^ulceration has. 
developed in recent years, the disease processes are still 
poorly understood Mt seems clear thatethe secretion of 
acid and pepsin by th$ stomach is important. Hydro-' 



chloric acid is continually being secreted into the stom- 
ach, even Muring sleep, and the secretion rate can be 
markedly increased by a variety of environmental stim- 
uli, including smell, taste, sight, or even the thought of 
* food-fWeiner, 1^77) Pepsin, produced in the stomach, 
is anjmportant dnzyme involved in the digestion of pro- 
terns. In about *509c of patients with active dupdenal 
uf^r disease, elevated resting secretions of these two 
' substances can be observed. , * >** 

a h Release ofpepsin and gastric acid are! at least in part', 
m . #ncter the control of'the -central nervous system, partic- 
While there is evidence that a variety of physi<$dis- tKe vagus nerve which increases stomach motility - 



PSYCHOSOMATIC DISEASES IHE EXAMPLE OF PEPTiC 
ULCER 



4 



orders are,' to some degree, caused or exacerbatecf by 
psychological or emotional, factors, the terms "psycho- 
somatic" or ".psychophysiological" refer to thbse Rhys- 
ical conditions that appear-^ be'initiated primarily by 



■and secretion. However, the*e substances are also under 
the^complex Control of *a variety of other hormones pro- 
' duced in the -stomach, pancreas, arid kjdney (W^iner, 
1977). Both stimulation and destruction of selective sites 



psychological -factors ( America^ Psychiatric Associa-j^ of the brain can produce lesjons of the stomach ^and/or 

tioif, 1968) It shoirid be noted that these conditions*^ duodenum (Brooks, 1967). There is little question th'at 

involve actual organ pathology, often due to activity of central 'neural processes.can be criticahn the regulation 

the autonomic nervous _system_ initiated by$ftchosocial * of g^strit secretion and the production of some<type°of 

-tfimulf Common examples of physical conditions that ulceration in both animals and humans. Whether oV not 

may be subsumed under t«qg category include, but are * -these processes are active in Jhe* development of chronic 

not limited* to, tension and migraine* headache, ulcer\i ulceration in hunjans is less clear, largely because we 



572 SSRC FIVE-YEAR OUTLOOK 

lack biomedical knowledge of the precise physiology of 
ulcer disease. 

Animal Research 9 
Gastric lesionr^arT'be produced in animals b> a 
wide .range of manipulations, including restraint- 
immobilization, stressful conditioning techniques, and - 
conflict situations, as well as food deprivation and pain- 
ful sensory stimulation (Weiner, 1977). It should be 
noted that such lesions in animals are different in a num- 
ber of ways from human ulcers, and therefore inferences 
to human disease from this work should be made with 
.caution. 

Studies with rats demonsd&teUhaj prior experience, 
particularly early in life, affects individuali&usceptibility 
"to ulceration. Tor example, rata handled early in life 
'were less hkely to develop .stomach lesions when im- 
mobilized than those who were not handled. However, 
rat pups separated prematurely 'from their mothers are 
more susceptible to gastric lesions (cf. Weiner, 1977). 
The age and genetic strain of an animal also affect its 
susceptibility to restraint-induced lesions-. In addition, 
within a particular strain, susceptibility to ulcers seems 
to be related to individual variations in serum pepsino- 
gen, a substance released under neural influences (Wei- 
ner, 1977) and converted to pepsin. 

A series *of experiments by Weiss' ( 1972) |mployed 
behavioral technique^ to itemonsttate the role of psy- 
chologipaJ^stress in the* production of stomach lesions. 
These studies equated the strength, "duration, and fre- 
, quency of electric shock by .using pairs of rats with elec-^ 
trodes on their tails wired to'gether in series. One member 
of the pair was given a signal that enabled it to predict 
the onset. of shock and determine when it was safe; the 
other animal received a signal at random. The animal 
able to predict shock occurrence developed considerably 
fewer stomach ulcers4han the other animalT Furthermore, 
jf the rat had available a simpjf coping response so that 
it could learn to control the sfcock, it developed fewer 
stomach' lesions than its helpless partner who received 
exactly the same shocks without the ability to control 
~them. By contrast, if the coping response involved con- 
.flict, so that the rat had to take a brief shock to escape 
a longer orife, the results we/e reversed. 

These studies demonstfate'the role of psychological 
variables (e.g<, controllability of Shock, conflict), as ^ 
distjnguishec^rom the physical-intensity of poxious stim- 
ulation (held constant for .all animals in the research), 
in the experimental production *of lesions. Moreover, 
there was evidence in this research that individual dif- 
ferences in the animals' behavioral responses to unpre- 
dictable shock were related to lesion development. Under 
conditions of uncertainty, those animals that made many 
efforts to cope ^vith noxious stimulation by actively 
trying to avoid sjiocks were most ulcer-prorie-. * ( 



Human Studies • . 

Much of the research investigating the relationship be- 
tween psychological variables and peptic ulcer disease 
in humans is confounded by methodological problems. 
These include uncertain diagrio.stic~crit^nX"difficulties 
in psychophysiological measurement of gastrointestinal 
function, problems in selection of appropriate study pop- 
ulations (e.g., hospitalized vs. nonhospitalized patients, 
length of illness, etc.), and inappropriate control groups. 
Moreover, there have been few longitudinal studies in 
this afea, so it is difficult to determine whether psycho- 
logical variables preceded or followed illness. Never- 
theless, there is evidence from human research tHat 
psychological factors (including stress) bear at least ten- 
tative relatiShships to the regulation oi^gastric secre- 
tion .anjj to the initiation and/or precipitation of ulcer 
symptomatology. 

Classic studies of patients with openings to the stom- 
ach (gastric fistulae) reveled a remarkable covariation 
between stomach secretions and a variety of emotional 
states such'as anger, resentment, and depression (Wolf 
and Wolff, 1947). The traditional psychosomatic ap- 
proach (Alexander, 1950) proposed that ulcei: patients 
Av§re characterized by a specific set of traits — namely, 
conflicts over dependency needs— which led to neural 
activation, and increased gastric secretions mediated by 
the vagus nerve ; Evidence bearing on this hypothesis is 
inconsistent, but at least one pr^pective study^Of trainees, 
fbfttie military found that those* who were hypersecretors 
of pepsinogen, an inherited risk factor for ulcers, could 
„ be identified on the basis of psychometric testing. 
There have also been studies of individuals in stressful 
environments and occupations (Wolf et al., 1979). Recall 
that these situations are associated with cardiovascular 
disorders, including CHD and high blood pressure. Cobb 
4 and' co-workers found that peptic ulcer was nearly ;wice 
as prevalent among air traffic controllers than among a 
matched control group in another occupation. In this 
study, the prevalence of ulcers was higher kmong work- 
ers in high stress, comjar&d to lower stress eontrol 
towers. In addition, there is^v!dence,' which has been 
confirmed 'repeatedly, of a higherprevalence of peptic 
ulcer disease inAnen who'have supervisory roles .(i.e., 
foifemen) as compared to executives and craftsmen (cfo 
**Wolf et al., 1979). 

Predispositions \ for Specific Disorders 

The field of .psychosomatic research has provided med- 
icine with a basis for predicting who might be at risk for 
a specific illness', as weli as knowledge of the/ondjltions 
under which the predispose#individuat is most likely 
to develop such a disorder. At one time, psychosomatics 
over-emphasized the role of individual differences or 
* dispositions, without taking into account t£e physiolog- 
ical, genetic, and situational factors that interact in pre- 



disposing an individual to a particular illness (cf. Weiner. 
1977). Today, this perspective has changed, and re- 
searchers have become aware of genetically and envi- 
ronmentally-determined physiologic response patterns 
-that might predispose particular individuals to one dis- 
order rather than another. (This is commonly referred 
to as the ''specificity problem''). For example, studies 
have- shown that individuals differ in secretion of pep- 
sinogen, and also that the tendency to secrete this sub- 
stance related to' ulcer susceptibility mayT?e genetically 
transmitted (Weiner, 1977). 4 

It should be emphasized that a single predisposing 
factor may not be enough to result in physical disease. 
A variety of activating situations are necessary to pro- 
duce organ dysfunction. This is amply demonstrated N by 
studies of gene-environment interactions in the etiology 
of high blood pressure and ulcers; it is also shown by 
the importance of environmental challenge and/or stress 
in activating Type A behavior Further investigation of 
factors leading to the expression of predispositions for 
specific disorders sfiould contribute^ to basicf knowledge' 
concerning mechanisms of mind-body interaction and 
provide .greater understanding of physiological disease 
processes. 

< - 

CAtftER .J X * ' 

Cancer is the second leadijig cause of death in the United 
t States, accounting for about 20*% of the overall mortality 
rate, or nearly 400,0tK) deaths annually Despite im- 
provements in rate of cure, total cancer' mortality fias 
risen substantially over, the past several decades. This 
may be attributable, in part, to the growing proportion, 
• of older people in the population, since the risk of de- 
veloping cancer increases with age. Another reason for 
increased mortality is the dramatic rise irTthe incidence 
of lung 'cancer cancer of the lung is the leading cause 
of death from cancer among men (U.S.D.H.E.W., 
1979a; National Sc&jfce Foundation^ 1980), and may > 
soon have a sijnilar ^bious distinction for women.* 

Cancers are not a'single disease, instead^ihe term is 
used for more than 100 conditions characterized by unre- 
strained multiplication , of cells and abnormal forms- of 
cell growth (Fraumeni. 1975). One significant attribute 
of cahc^rs is their ability to spread beyond the site of - 
origin They may. invade neighboring tissue -by direct 
extension, or disseminate to more remote locations 
through the blood stream or through the lymphatic sy's- * 
tern, which carols fluid traijsport between Body tissues. * 
It is believed tfflifcsomeor all cancers arise from a single' 
abnormal or transformed tell, triggered in different w#ys 
to produce unrestrained multiplication (Levi, 1979). A 
complementary view is tharc^ancer cells multiply and* 
sprea'd when a breakdown occurs in a portion of the 
immune system that performs the function of recognizing 
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transformed cells and eliminating them before a detect- 
able tumor can result., , . • 

The known risk factors for cancer include a variety 
of environmental agents, such as_tobacco,_X-^and JLIY- 
radiation. alcohol, viruses, drugs, asbestos, and many 
chSmicals. Personal attributes, including genetic predis- 
positions, congenital. defects, precancerous lesions, and 
aging, have also been implicated (Fraumeni, 1975). To- 
bacco is the exogenous substance for which data dem- 
onstrate a strong association>with cancer: smoking in- 
creases the risk of limg cancer about 10-fold, increasing 
with duration of smoking and number of cigarettes 
smoked per day (U.S.C^N.E.W.. 1979b). In addition, 
tobacco use enhances the effectsjtf other carcinogens. 
For example, exposure tb asbestos carries some risk to 
non-smokers; however, this is of\ low order of mag- 
nitude compared to the risks experienced by cigarette 
smokers^ It has been estimated that asbestos workers 
who smoked cigarettes had eight times the lung cancer 
risk of smokers without this occupational exposure 
(U.S.D.H.E.W., 1979a). This is 92 times the r^sk of 
non-smokers who did not work with asbestos. 

While,cigarette smoking represents a specie behavior 
with known pathogenic consequences, three other classes 
of psychological variables have been suspected as risk 
factors for cancer: (1) stressfulflife events, particularly 
those -involving lofs (e.g.. bereavement): (2) lack .of 
closeness to parents, and (3) inability to express emo* 
tions, especially negative ones (Fox. '1978; Schmale, '* 
1981). The^research cfesigns used in most of these studies 
are retrospective. Various methodological ftews tend to 
rjender their results as suggestive only. ' 

In a prospective study unique -to this'area, psychosocial 
data were obtained from 913 maie medical students at 
the Johns Hopkins University long before the clinical 
appearance of disease (Thdmas et al., 1979). A follow-* 
up showed that 20 of the 'men developed cancer over the 
next '10 to 15 yeajs. These men had reported* lack of 
closeness to parents on a Family Attitude Questionnaire 
taken at the inception of the studysScores on this measure 
distinguished the future cancer victims-- from both the 
subjects who were to -remain healthy and those who de- 
veloped high blood pressure or myocardial infarction. 
However, even this study may be criticized for its sta- 
. tistical methodology. Many variables wSre measured and 
only a few yielded significant differences. Moreover,- 
there was a failure to control foe known cancer rrsk- 
factors such as smoking. Replications of these findings 
are required before premorbid psychological character- 
istics can be accepted as risk factors for human cancers. - 
A related area holding some* promise concerns the 
relationship of psychological factors to cancer growth 
and progression. This research is a subset 'of a larger 
area of study dealing with determirfShts of successful 
coping with chro,nte illness (e.g. /Hamburg et al., 1980; . 
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Krantz, 1980). Clinicians have often commented on the 
psychological differences between those cancer patients 
who do, well or survive longer and those who do poorly 
% nr succ umb r apidly to the di sea se. Characteristics such 
as low denial, depression, and anxiety have been related 
to poor cancer prognosis, and the experience of emo- 
tional stress has been observed in patients some months 
prior to relapse after long remissjpn penods (-cf. Milled ' , 
and Spratt, 1979). 

Research attempting to link psychosocial variables to 
cancer may be cntrfzed for lacking a theoretical basis. 
Except for vague reference to the possibility that emo- 
tional stress may decrease bodily resistance to malignant 
growth, little attention has be<yi given.'to the pathophys- 
iological mechanisms underlying an association between 
psychosocial«variablesand the development of cancer. 
However, expenmental work has now provided the 
groundwork for an- investigation of such mechanisms.^ 
Advanced techniques for 'measuring immunological 
functions show that, rather than existing as an autono- 
mous defense agency, the immune system is integrated 
with other physiologic processes. Moreover, it is subj^t 
to the influence of the central nervous system and en- * 
docrine responses that accompany psychojogical stress. 

A new - interdisciplinary ^research area, psychoneu- m 
roimmunolpgy. examines 'the interrelationships among 
central nervous system, endocrine, behavioral, and lm- % 
' munoiogic processes (Ade'r. 1981). For example, labo- 
ratory stressors tend to decrease the responsiveness of 
the immune System in animals, and stress-responsive 
hormones, including corticosteroids, can alter, directly 
and indirectly, components of the immune response 
(Ader, 1981; Amkraut and Solomon, 1977). Animal and 
fiurnan studies demonstrate that laboratory and natural- 
" istic stressors can reduce the number of lymphocytes 
(cells important in the immune process), lower the level 
of interferon (a substance which may prevent the spread 
• bf cancer), and cause damage in immunolQgically-related # 
tissue (Ader. 1981). 
Of particular relevance to cancer are other studies dem- 
— -onstiating- that stress can inhibit the body's, defen ses 
against malignancy. For example <*Rilcy (1975) reported 
markedly different latencies for mammary tumor devel- 
opment as a function of stress exposure in mice injected 
with a virus that induces tumors. Those animals housed 
under conditions of chronic environmental stress (e v .g.. 
crowding, noise) developed tumQrs with a 'median la- 
tency of 358 days, compared to a latency of 566 day£ 
in animals housed under protective conditions. 

It Should be emphasized <hat the relationship between 
stress and the immune .system is by no means a simple 
one. Under certain conditions, enhance^ immunity and 
''increased resistance to cahceqjn response to stressors 
have been reported. Appropriate levels of hormones 
(e.g., corticoswoidslxeleased under stressful conditions 
are essential forBormai development and functioning bf 
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the immune system (Amkraut and Solomon, 19^) This • 
suggests that the direction of stress-effects oinhe im- 
mune system — that is, whether immunocompetence is 
enhanced or depressed — may depend on the level of 
stress experienced, and resultant changes in hormonal ~~ 
levels. . 

The exploration of psychosocial influences on immune 
function constitutes an important area of biomedical re- ♦ 
search with implications for understanding cancer, as 
well as a variety of infectious diseases (see below) Fur- 
ther psychoneuroimmunological investigation is needed 
to isolate the variables tn*at moderate the impact of stress 
<$n immunologicactivity. There is also the possibility 
that : certain groups of individuals (e.g > the elderly) may 
be particularly susceptible to psychosocially-induced al- 
terations in immune response This might occu^because . 
of documented changes in the immune system (Maki- 
donan and Yunis, 1977), or because of psychosocial 
.changes, such as decreased financial security and reduced 
mobility (Eisdorfer and Wilke, 1977) that accompany , 
aging. ' 

INFECTIOUS DISEASES * 

Exposure to contagious microorganisms; does not invar- 
iably lead to disease. In tact, only a small percentage 
of infected persons actually become ill during disease 
epidemics. There is evidence, that psychosocial factors 
can influence the acquisition, course, and recovery from 
infectious diseases via at least three mechanisms, these / 
mechanisms parallel the processes linking behavior and 
physical illness outlined in the Introduction. 



Health-Impairing Habits and Lifestyles- 
An individual's behavior can influence exposure to in- 
fection and the dose of pathogen. Poor nutrition and/or 
poor personal hygiene obviously increase illness suscep- 
tibility arjd delay recovery. In this regard, various be- 
havioral and social factors (e.g., low socioeconomic sta- * 
tus) are associated with increased incidence of infectious 
TFlness." Individuals" in these categories are "more likely 
to be exposed to harmful microorganisms, suffer from 
known health hazards at home and work, and foavepoor 
training in prudent*, healthy ways of living. They may 
also have less access to quality medical care and are less 
likely to engage in, preventive health practices (Institute 
of MediciAe, 1978). ( 

Direct Psychophysiological Effects on Immunity 

As noted in the section ttn cancer,, there is evidence that 
psychosocial factors affect the functioning of the immune 
sysTem. This leads to increased ^susceptibility to immu- 
nologically-mediated diseases, and increased expression 
of the disease among those vVho are infected. Biotyehav- ' 
ioral research has specified certain immunologic changes 
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(e.g, reduced production or level 0/ antibodies)' that* 
mediate these relationships. 

With regard to infections, the immune system can be 
jdjvided into t hree functional components, proc ess es in- 
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voived in transporting the invading microorganisms to 
the immune system; processes leadingao the production 
of antibodies or immunologically activ^cells; tfhd*proc- 
esses involving interaction between immunologically 
-active substances and invading microorganisms. Neu- 
rohumoral factors can influence each ofMjjese immune 
mechanisms (Amkraut and Solomon, 1977).* As with 
cancer, stress-related influences on susceptibility "to in- 
fectious disease depend upon a complex of factors. These 
include th^type of stress, type and number of invading 
microorganisms, mode of infection (e.g.. air, contact, 
bloodstream),' and the species of animal and its immu- 
nologic state at the tim^of inoculation (Ader. 1981, 
Amkraut and Solomon, 1977). , 

Psychoneuroimmunological research with animals has 
( demonstrated that behavjpral conditioning with noxious 
stimuli increases susceptibility to viral infections In one 
study, neither exposure to a stressor nor inoculations 
with a vi^us was alone sufficient to induce disease in 
adult mice, but the combination of stress and inoculation 
w ith a virus elicited symptoms of viral disease (Friedman 
and Glasgow, 1966) In other studies, rats handled for 
brief periods of time early in' life showed more vigorous 
antibody respdnse to bacteria than did non-handled con- 
trols (Amkraut and Solomon. 1977). The impact of psy- 
chosocial stimulation on ttye immune response appears 
to be, related to the dose of pathogen administered, as 
well as to the timing of exposure to 'the stressor (Amkraut 
and Solomon, 1977). 

v In^humans, much of the evidence linking psychosocial 
stress Jo increased susceptibility to infectious diseases 
Is derived from retrospective clinical studies, although 
there has been some promising prospective research. For 
example, Meyer and Haggerty (1&62) studied the influ- 
ence of family crises on factors that might modify sus- 
ceptibility to streptococcal disease. In'subjetts observed 
over 3 one-ycarperiod, each family member was fol- 
lowed with periodic throat cultures and measures of im- 
munologic function. Clinicaf ratings of chronic stress 
were positively related to streptococcal illness fate and 
levels of streptococcal antibodies in the blood. While 
close contact with infected family members and the sea- 
son of the year influenced acquisition of a streptococcal 
organism, several respiratory illnesses' were considerably 
more frequent after family episodes -judged to be ' 
stressful. 

A prospective study of infectious mononucleosis (Kasl 
ef al.: 1979) studied a class of military cadets — a pop- 
ihation subjected to the rigors of military training and* 
academic pressure Among subjects susceptible to in- 
fectious mononucleosis (i e , those without Epstein-Barr 
virus antibodies at mktfictilation), about one-fifth h^ rr ime 



infected each yea'r with the viois, and one-quarter;of this 
group went on to develop the clinical diseasfe. Psycho- 
social factors that increased the nsk of clinical disease 
[ among those infected inekided having 'a high level of 
motivation, doing poorly academically, and having 
"overachieving* \fatherl 

Behavioral Reactions to Illness * 

A third process linking behavior to the course ofiirifec- 
tious illness involves treatmenl-se'eking behavior and re- 
sponse to treatment. For example, a study of individuals 
9 in Maryland who had contracted Asian influenza during 
1957-1958 revealed that clinical disease characteristics 
(e.g., serological 'response, height of fever, symptom 
•severity) failed to distinguish those who recovered 
quickly from those who retained symptotfts for longer 
periods of time. However, subjects witri delayed recov- 
ery scored as more "depression prone" on psycholc^gical 
tests given in advance of the Qutbreak of illness. This 
finding was interpreted to indicate that depression-prone 
individual^ exhibit greater conCern-over illness, wftich 
increased and prolonged their physical complaints and 
reports of illness. A prospective follow -up study meas- 
ured ac,tual frequency of infection via assays for rises in 
serum antibody titers. Among those who were infected, 
depression-prone subjects tended to develop the disease * 
(thus suggesting a possiblfc role of immunologic factors), 
but increased concern over the illness seems the most 
likely explanation' for these findings (Guff etal.. 1966) 



TREATMENT AND REHABILITATION OF 
PHYSICAL ILLNESS 

THE PROSPECTIVe£aTIENT AND THE MEDICAL 
ENCOUNTER 

The provision o£ medical care depends, to a very con- 
siderable extent, on the social, psychological, and cul- 
tural processes that lead people to definfe themselves as 
requiring cafe (Mechanic, 1968). Many factors unrelated 
to the biological severity of illness combine to determine 
whd receives care, persons requiring medical attention 
do-not always seek out medical help and are not always 
seen by health care providers. These variables must be 
considered by practitioners and policy planners in the 
'formulation" and delivery of health care services. 

Recognition of symptoms and resultant use of health 
care services are influenced fc>y situational factors, such 
as life difficulties and psychological stress (Mechanic, 
1968). Also important are learned patterns of behavior 
such as social 'rotes and cultural norms; for example, 
females are more likely than males to visit health care 
professionals. Social class and cultural background in- 
'fluence patients* "evaluations of symptoms «nd doctors' 
responses to patients' complaints. Age }s another factor 
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,that determines reactions to symptoms and use of medical 
facilities; for example, the elderly take aches and pains 
for granted and place little faith in medical science, even . 



concern .with health incase with age (Rile> and Foner, 
1968). V ' 

PSYCHOLOGICAL ANb PHYSIOLOGICAL ASPECTS OF PAIN 

AND ILLNESS . ' 

* «\ 

Much progress has been made in 'identifying socio- 
psychoiogieal correlates of pain and psychophysio- 
logical, pain mechanisms, and in developing research- 
based techniques for pain control. Pain is more than a 
seQsory experience, it is not a necessary eon*sequefice of 
injury t>r tissue damage. Definitions that impiv that pam 
can be stopped simplv bv interrupting neural pathwavs 
are not adequate to account for clinically-r£lated phe- 
nomena. For example, surgical interventions indicate a 
rather disappointing record of success (Weisenberg, 
1977). People without known organic pathology suffer 
pain (Fordyce, 1976), and even when an organic basis 
for pain is established, psychological factors continue 
to affect the experience of pain 

A range of cultural, socio-psychojogical, and situa- 
tional factors influence 'pain perception 'and tolerance # 
(of. Weisenberg, 1977). Different cultural groups have 
different views of appropriate pain reactions, including 
the circumstances under which it is permissible to cry 
or ask for help.' Moreover, the influences of the soapl** 
context and meaning of the [)ain experience produce oh-, 
ferences between clinical and experimental^ -induced 
pain. Pain fn clinical situation^ involves anxietv asso- 
ciated withjthe disease process and fear of death (Wei- 
senberg, 1977, Beecher, i959), whereas experirnentallv- 
* induced pain does not. 

The Placebo Effect v ^ 0 

A pervasive phenomenon in the pain literature is the 
placebo effect, that is, the" reduction of pain or the re- 
moval of symptoms via medication or -therapeutic treat- 
ment which has no identifiable active component (Shap- 
iro, 1971). It has been estimated that placebo medication 
(e.g;, pharmacologically m^rt'substances) andothfef non- 
specific treatment factors reduce pain successfully in 
% about 35% to 40% of patients (Beecher, 1959). Although 
% the placeBo response in medicine has been widely rec- 
ognized, until recently it.had been regarded as a nuisance 
variable, In pharmacological research, the routine inclu- 
sion of a cootrol group receiving an inert medication has 
Ven considered an esserjtial methodological control, 
particularly in evaluating^psychoactfve drugs. Mecha- 
nisms of ttte placebo response as. a component of various 
therapeutic interventions have now come under study in 
their own right, Contrary to the popular tfelief that pla- 
cebo effects are confined to psychological changes, there 
^ are data shoeing that placebos can produce a variety of* 



changes' 9n a physiqjogifal level, for example, signifi- 
cant blood"pressure redifctions'among pe^pns with HBP* 

(Shapiro, jorthcfimi ng)* - * * 

PsyLl f OSOCtaTvanables that enhance tfie effetuveness 

of placebos have been identified^ihei&y^^ding light 
on the mectanisms^f placebo action, in" pain' relief. Per- 
son-centered approaches akfled ^identifying patients 
responsive to placebo^ have-not proven ^aluablfi. Flow-, 
ever,- there i^ evjdence'that situational factors, which \ 
influence a patient^ motivational ai&tutentionar proc- 
esses,* as well as{a. frost' of variables Glaring to doctor- 
pa^nt interaction (e.g-. expectations rcjief, Jte.pa- „ 
tiehtV confidence in the ph>sician and Jhe. procedures) 
can heighten placebq effects (Shapiro, 1971). Reduction 
of stress an<j-aiKietv also \eems to be an important facet 
* of placebaeffcctiveness (Beecher, l-95§f. It isMikel> that 

pjacebo-related^actors, when undeRtood^iii pr<>^ 
9 -vide a powerful tool in c lin i cal prac tice. * , ^ 



Psychophysiological Models ' 

the influential ''gat&contror' theory of pant was pro- 
posed 15 years ago.(Melzack and Wall, 1965) in order 
to integrate physiological and .psychological facers in 
pain perception. This theory proposes tharnoxious stin\- 
uli activate selective Antral nervous svsfem processes, 
wjnch act to exert control over incoming messaged, In- 
fluenced b> this trigger mechanism, cells "at each level 
of the spinal cord act asa gate-control system, increasing 
or decreasing their receptivity to incoming pain signals 
graveling along the nerves. This svsterh makes it £o^sible 
for higher mental processes, which underlie attention y 
emotion, and memories of prior e*Derience, to alter 
transmission of pain signals (Weisenberg, 1977). 

The posited physiological and anatomical bases for 
the gate-control theory have been subject to considerable 
criticism (e.g., Nathan, 1976;' Liebeskind and *Paul, 
1977)/ However, a wide assortment of clinical and ex- 
perimental findings haVe been interpreted as supporting 
trtlftheory — pr at least cejlain aspects 'of it (Liebeskind 
and Paul, 1977)— and, the theory has led to the devel- 
opment of a technique for artificially stimulating ^the 
nervous, system to relieve pain. Although, subsequent 
work on endorphins calls into question some key details 
of the gate-control theory, the original theory and sub- 
sequent modifications have been influential in highlight- 
ing the importance of motivational and cognitive factor 
in pain experience. 

The recent discovery of endogenous, opiate-binding 
receptors, and substances in the brain (endorphins) that 
bind with these receptors* has led to a new interest in 
central nervous system mechanisms of pain control. It 
has been demonstrated that a-pain^suppression system 
exists in the brain which can be activated^ psycho-* 
physiological procedures such as electrical stimulation 
(Liebeskind and Paul, 1977), and by environmental and 
psychological manipulations such as exposure \o stress. 

188 ': 



Recent, research (Mityer et al . , 1976, Lrdfc et al . , 1 §78) " 
suggests that mechanisms of action *bt heretofore-poorly 
'- umlai si ugd p henome na of p atnrgtt^f (e.g., acupui^unt, ; 
placebo response) may involve this endogenous system?* 
The ph>sioiOgical 'involvement o*<n49rphiris is in- 
vestigated *y administering naloxone, a drug that spe- 
« cifically blocks the action'of opiatps^If an endogenous 
phy^Jo logical process is blocked by naloxone, endor- 
phins' can bemn^rred to play a role in this process 
Levin?, Gordon and Fields (1978) investigated the pos- 
sible role of endorphin activity ki placebo pain relief, 
with patieqjts who had just undergone painful dentgl sur- 
gery at the.sfeudy sample. Naloxone was administered*^ 
to»haJf *tff/the patients under randomized, double-bind 
conditions, the other half of the subjects received If pla- * 
cebo. Pairrjatings were taken, and those patient pre- 
vious!} grven a placebo were further subdivided into tw6 
•groups, tfipse whose pain w'as%*educed-or unehangedj— 
(^placebo responders"), and a those whose j)ain increased 
O'non-re^onders^). Patients were ^hen randomly given 
* second <h\ig, again either naloxone or a placebo. Re- 
mits indicated that after the first djug administration, 
subjSfcts given naloxone reported x more pain than those 
given a placebo. Naloxone given as a second drug pror , 
diced no additional increase in pain levels of placebo 
- non-responders, but did increase pain levels of placebo 
responders. These data are consistent -with a hypothesis 
that endcrrphin release mediates placebo pain relief for 
dental postoperative pairv. 8 This stud^ is onlv/an initial 
investigation of the possible role of endorphin activity , 
in psychological pain phenomena. Future research on 
endorphins promises to have a profpund impagt not only 
on basic science and clinical understanding of pain, but 
also on a wide range of biobehavioral phenomena in- 
cluding addictive behaviors and mental illness.- , 



COMPLIANCE WITH MEDICAL REGIMENS 

In recent years, there has been a growing awareness that 
the failure of patients to adhere to prescribed -medical 
regimens is probably fhe single greatest problem in bring- 
ing effective medical care to the 4 individual patient. This 
problem also contributes in a major way to the economic 
and social costs of illness (Sackett and Haynes, 1976, 
Coh^n, 1979). Although adhbrence varies, it is not un- 
' common to find compliance rates as low as 50% in many 
situations. Jtjwas estimated recently that only one-third 
of patients adhere correctly, that one-third are noricom- 
pliant because they adhere to a misunderstood regimen, 
and that one-third arc knowingly noncomphant (Cohen, 
19% * 4 

The medication compliance problem may be most 
pronounced for chronic illnesses, such as high blood 
pressure, where effective therapy requires regular, long- 
teniUjkrng of'medications that may produce unpleasant 
side-effects (Sackett and Haynes, 1976). However, non- 
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compliance is a problem in areas of the treatment process 
other than adherence to regimen. Substantial numbers, 
of paiients who o» not have painful symptoms fail" to 
come for scheduled appointments, and the problem of 
inducing and maintaining change of unhealthful habits 
(such as diet and smoking) is particularly formidable. 

A good deal of attention'htfs been given to isolating 
factors that influence or predict compliance (Becker, 
1979; Sackett and Haynes, 1976). Surprisingly, common 
i dempgraphic variables such as age/sex/^and marital ancf 
socio-economic status have little independent influence. 
The^crux of the problem is often poor doctdtypatient 
cGgjjnunication, rather than tjie patient's behavior!alone. 
T\/o sets of variables deriving fronuhe physiqian^patient 
encounter — satisfaction with care and comprehension of 
the treatment regimen — appeario effect compliance:^ 

Aspects of the doctor-pati^rjelajionship determine 
satisfaction, and satisfaction/o^ermiftes--th^degree to- 
which medical advice is accerot^Q^^rex ample, a study 
in a pediatric setting (Korscp anCTNegreteri972) found 
that a major source of mothers\dissatisfaction was the 
failur^of physicians to answer questions and provide 
clear explanations ©f illness. More tnan 807c of those 
who thought the physician had been understanding were 
satisfied, as Qompared to ojily on^third of those who did 
not feel that the doctor tried to understand their problems. 
If mothers were dissatisfied with the communicator (i.e., 
the doctor) or the content of the consultation, they were 
less likely to comply with the physician's advice 

A second aspect of the compliance, problem is the 
patient's ability to comprehend and recall details of the 
treatment regimen. Much of the failure to follow doctors 1 
orders is due to genufne problems in understanding and 
remembering what is told (Ley and Spelman, 1967). 
Often, the material presented by the doctor is too difficult 
to understand, the treatment regimen itself is overly com- 
•plicated, or patients hold misconceptions about illness 
' or human physiology which lead to confusion. 

The causes and consequences of comprehension prob- 
lems are illustrated by a study in which physician-patient 
interactions were observed for a lower-class clinic sam- 
ple (Svarstad,. 1976V 'Reviews of medical records and 
pharmacy files-, follow-up interviews, and validation of 
patients' reported behavior via pill counts were made. 
The 'data revealed that patients did not always leave the 
clinic with an accurate perception of what phy^icia/is 
expected them to do. Frequently, physicians were riot 
expIJbiHirdiscussing their expectations with the patients. 
When physicians did make efforts-to activate compli- 
ance by betng friendly, appealing treason, or checking 
on previous compliance, many more patients confonned 
to the prescribed regimen. 

Maintaining Adherence tojlegimens 

The yucial challenge* for medical compliance, as. with 
the modification of other health-impairing behaviors, is 
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to maintain people on prescribed regimens for sustained 
periods. This problem is illustrated by the remarkably 
similar relapse rates among subjects treated in programs 
^ aimed a$> weight reduction, smoking cessation, and re- 
~ duction of alcohol consumption (Hunt et al., 1979). 
Two-thirds of such patients abandon the regimen and 
backslide by the end of three months, and .only about 
one-quarter of the individuals maintain changed behavior 
a\ the end of a one-year period. 

One technique used to help maintain long-tenh ad- 
herence to treatment regimens involves a focus on the 
immediate rewards and consequences of compliance or 
noncompliance. A range -of "behavior modification* 1 
procedures, based on principles of operant learning, have 
* proven the most effective (Pomerleau and Brady. 1979). 
Interventions tb increase adherence must also recognize 
those characteristics of the social interactions of physi- 
cians and patients that foster riopv^mpkww^— ^ 

Most ot the research on medical compliance has been 
designed to solve practitioners \every day clinical prob- 
lems, rather th,an to develop a comprehensive theory that 
may appl> across a broad r^hge of medical situations, 
illnesses and behaviors However, one conceptual ap- 
proach that ha§ ^received some support in explaining 
medicall>-related behaviors (including compliance) is 
"the Health Belief Model This model centers on the pa- 
fmnt's views about the appropnate paths of action in the 
presence of health disturbances, perreptions of barriers* 
to action, and subjective interpretations of symptoms 
(Becker/ 1979). Still more effective approaches are 
needed that encompass the physician-patienPcommuni- 
cation process and suggest wa>s of making the rewards 
0 of long-term medical compliance more salient to patients. t 



THE SMOKING PROBLEM AN EXEMPLAR OF HEALTH- 
IMPAIRING BEHAVIOR m I * 

The cigarette smoking habit, has been described as the 
single most preventable cause of death in the United 
States lU.S D.H.E.W., 1979a). Yet, despite the fact that 
knowledge of the health risks of smoking' has reduced 
the percentage of adults who regularly use cigarettes, 
' there are still over 50 million smokers in\he U.S. today. 
Moreover, in recent years there has been an alarming 
increase in the proportion of 'teenagers (particularly fe- 
males) who are taking up the smoking habit. With regard 
to the modification of smoffing behavior, the problem 
is not that the public is unaware of the negative health 
consequences, but that the great majority of smokers are 
unable to quit or stay off cigarettes fdr prolonged periods 
(Leventhal and deary, 1980, Bernstein and Glasgow;, 
1979). 

Cigarette smdking is a behavior whose initiatiop, 
maintenance, and cessation are determined by a mixture 
of social,' psychological, and physiological factors.' 
Many of the problems faced in attempts to prevent and 



modify rt^ smoking habit are also associated with the 
correctiorl of other health-impairing habits, lifestyles, 
" and depen dencie s (e.g., poor diet, alcoholism, lact of 
exercise). We will give considerable attention to the 
smoking problem to illustrate behavioral science ap- 
proaches tOThese health-impairing behaviors. 

Initiation and Prevention of Smoking 

Cigarette srfioking can be viewed as the product of a 
multi-stage process that begins with initial experimen- 
tation with cigarettes and leads to the acquisition of a" 
habit andor addictive process (Pomerleau. 1980) Data 
suggest tliat even limited adolescent experimentation 
with, smoking may lead tb habitual smokiftg (Leventhal 
and Clear), 1980). Psychosocial factors related to ihi- 

* nation of smoking include social pressure from peers, 
imitation of adult behav lor, adolescent rebellion and anti- 

— social tendencies, and personality factors- such- av-ev- 
traversion — a biologically -based dimension related to 
^arousal or stimulation-seeking A social learning expla- 
nation of smoking initiation (Bandura, 1977) assumes 
that thb habit is acquired through imitation and social 
reinforcement, typically under the influerice'of peer pres- 

* sure, media stereotypes, etc. 

The inhalation of smoke is initially somewhat aver- 

* sive, but after sufficient practice, pharmacological ha- 
bituation (or tolerance) occurs, and the behavior pro- 
duces enough Satisfaction or reward in its own right to 
maintain the habit (Pomerleau, 1<?80). The delayed neg- 
ative health consequences, but immediate social and bi- 
ological rewards of smoking, may account for many of 
the difficulties in modify ingJthe habit once it becomes 
established (Jarvik. 1979). ! * 

Early efforts to prevent smoking assumed that this 
could be accomplished by teaching young people the 
health consequences of this habit. But the results were 
largely disappointing (cf. McAlister et al., 1979). How- 
ever, several projects have obtained encouraging results 
by employing socio-psychological techniques of com- 
munication and attitude change to deter smoking'in ad- 
olescents. A pioneering effort in the area, The Houston 
Project, is a three-year longitudinal study (Evans et al., 
forthcoming). This project created' persuasive films and. 
posters to teach young teens (grades 7-9) about peer and 
media pressures to smoke, and about effective techniques 

* for resisting pressures. Other films demonstrated the im- 
mediate physiological consequences of snaking (e.g., 
carbon monoxide in the breath). Hundred of students 
in matched experimental and control grou"ps^\vTr^cl5rif-~ 
pared for cigarette smoking rates at the start of the project 
and during the three-year follow-up. The results indi- 
cated a significant impact of the films and posters: ex- 
perimental subjects .smoked less frequently, and ex- 
pressed less intention to smoke compared to a control 
group receiving no intervention (Evans et aL, 
f6rthcomjng). 



ERIC 



4£ 



19V 



t 



-it- 



Maintenance of the Smoking Habit 



Once smoking is established, both psychological and 
biological factors contribute to its persistence and re- 
sistance to change. Learning mechanisms, possibl) Vh 
conjunction with ptysiological satisfactions denvdd 
from smoking, j)lay a considerable role* in maintaining 
the habit (Hunt and Matarazzo, 1970). The use of cig- 
arettes becomes part of a chain of berjaviors. taking out 
the package-, lighting the cigarette, getting tobacco 
smol^e, etc. As a result, the aforementioned stimuli as- 
sociated with smoking come to elicit pleasurable re- 
sponses by themselves. In addition, the avoidance pf 
unpleasant withdrawal effects (e.g., craving) becomes 
rewarding, thus helping to maintain the habit (Russell, 
1979). TJjese observatiops receive more svstematic sup- 
port from animal research which demonstrates that drug 
responses (e.g., morphine tolerance) can become con- 
ditioned reactions, and that withdrawal svmptoms can 
be conditioned to external cues (Siegel, 1979). ~ v 
Learning or conditioning mechanisms alone are not 
sufficient to explain the maintenance of smoking, since 
many smokers jpill increase intake to regulate or achieve 
a particular level of nicotine in their svstem (Schachter 
et al., 1977). Biological factors figure prominentl) in 
the maintenance of the habit, and nicotine is the chemical 
in tobacco that is most likely responsible for these effects 
(Jarvik, 1979). However, the question of whether cig- 
arette smoking can be considered an addiction compa- 
rable to heroin or alcohol addiction remains a subject of 
scientific debate (Russell, 1979). 

Tobacco has the capacity to elicit many of the defining 
characteristics of an addictive process*!, and there has 
been recent biobehavioral research on the complex in^ 
terplay of psychological arid pharmacological processes 
leading to smoking behavior. For example, a nicotine- 
regulation hypothesis asserts that heavy smokers adjust 
their smoking rate to keep nicotine at a roughl) constVnt 
level, and that the\rate of smoking depends on the nne 
of nicotine excretion and b/eakdown by the body, fne 
rate of nicotine excretion depends, in part, on the acid- 
base balance (pH)tof the urine, which, in turn, can be 
altered by psychological stress or anxietyWThus, it is 
argued that the links between psychological processes, 
the craving for cigarettes, and increased smoldng are 
mediated- by a physiological addiction mechanism in- 
volving the pH of urine (Schachter et al., 1977). 

A series of programmatic studies (Schachter et al., 
1977)-provide support fof this hypothesis. First, a sam-^ 
pie of long time heavy smokers consistently smoked^ 
more low than high nicotine cigarettes, thus showing 
that smokers "regulate" nicotine intake. Next, it was 
shown "that when urinary pH was manipulated by the 
^administration of acidifying or alkalizing agents, smok- 
ers smoked more when urine was* acidified. A third set 
of studies exarr^ed the urinary pH-excretion mechanism. 
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as a mfrtorrfr of psychological determinants of smoking 

rate. U r inary pH-was found to covary with r|£turalfstic 

situations (e.g., part) -going, examinations) asspQated 
with heavier smoking. Schachter's point is tffat the in- 
fluence of psychological variables (such as stress) on 
smoking rate operate onl> because of their effects on the 
urinary pH mechanism. Support for this was provided 
by a laboratory experiment which independently manip- 
ulated stress and urinary pH. Results indicated that smok- 
ing covaried with pH, rather than stress. 

However, there remain several Exceptions to the 
nicotine-regulation model. There are different types of 
smokers, some of whom do not appear to smoke for 
nicotme content (Schachter et al , 1977). In addition, 
the Schachter model suggests that lowered nicotine con- 
tent of cigarettes will increase the number of cigarettes 
smoked, and data in this regard are, at best, contradictory 
(Garfinkel, 1979) Nevertheless, the nicotine-regulation 
hypothesis has identified a biobehavioral m^hanism for 
cigarette addiction. 

Withdrawal 1 



Because of the addictive component of 4 smoking, it is 
crucial to understandable withdrawal process in order to 
develop effective intervention strategies to modify the 
,habit. However, most research efforts have concentrated 
on the effects of cigarette smoking, rather than on the 
effects qf cessation, i.e , irritability, sleep disturbances, 
inability to concentrate, and weight gain (Schachter, 
1978). 

Recent research by Grunberg (1980) suggests that 
weight gain accompanying withdrawal from nicotine^ 
may result from increased preferences for sweet-tastijjg 
foods. Smokers allowed to smoke ate, fewer sweets than 
did nonsmokers or deprived smokers. The three groups 
did not differ in Consumption of nonsweet foods. A par- 
allel study 'with animals showecf fhat nicotine adminis- 
tration retarded normal body weight increase in young 
rats. Cessation. of nicotine was accompanied by marked 
.increases in body weight and concomitant incneases in 
consumption of sweet foods. Moreover, these effects 
could not be explained by changes in total food con- 
sumption or-activity level. 

Ability to put up with the withdrawal syndrome -jsi 
crucial to the maintenance of smoking cessation. There- 
fore, further investigation of mechanisms responsible for 
Svymptoms accompanying withdrawal may suggest tech- 
niques for controlling tfie high recidivism rate, among 
those who quit smoking. ^ ° 

Modification of Smoking Behavior 

Most of th&effort in the srrtoking area has been directed 
toward the development of smoking-cessation strategies 
Many of th9 earlier intervention studies' suffered .from 
problems of expenirnental design (e.g:, lack of adequate 
control groups), and difficulties in measuring smoking- - 
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1 cessation objectively. There was also a high early drop-*' 
out rate, sometimes reaching 50% of subjects included 
in the initial sample, whicrTmay spuriously inflate the 
initial success rate (cf. Leventhal and Gleary , 1980, Pom- 
erleau, 19'80). More recent work has enabled some sys- 
tematic evaluation of the long-term efficacy 6f>moking- 
cessation programs and techniques. 

^Therapy Approaches These approaches include indi- 
vidual and medical counseling, hypnosis, group therapy , 
.^a^behavioral therapies derived from the learning the-' 

• on es*of#experi mental psychology. 

Research indicates tharmost therapy techniques- are 
effective in promoting short-term cessation of smoking, 
but usually fail.to keep more than 509c of ex-smokers 
uff cigarettes for long periods of time (Bernstein and 
Cfrasgow, 1979) Systematic study of the important area 
of maintenance of nonsmoking is just beginning, and 
strategies such as long-term group support and behav- 
ioral techniques for toping with anticipated withdrawal 
symptoms are promising. A number of the public health 
studies described below incorporate components of be- 
havioral therapy approaches. Successful long-term 
smoking-cessation results obtained \}y these studies are 
due in part to therapy techniques. 



Public Health Approaches ''It appeai^'that significant 
reductions in aduK smoking,* especially among middle 
aged 'males and certain professional groups, can be at- 
tributed to information and educational campaigns ini- 
tiated after the first Surgeon General's Report on Smok- 
ing in 1964 (Pomerleau, 1980). Indecent yedrs, several * 
large-scale media-based projects have been undertaken 
in the United States and Europe to change attitudes and 
behaviogyrelated to smoking. * p 

The Stanford Heart Disease Prevention Project was: 
designed to'reduc? a broad range of risk factors including 
smoking (Farquhar et al., 4977, Meyer et al., 1980). 
Three communities were studied, one served as a control, 
1 a second ^vas exposed to a mass media campaign on^ 

heart disease risk factors, ypcluding smoking, and a third 
^ received the mass media campaign and face-to-face be- 
havioral therapy for selected high-risk persons ,|The me- 
dia campaign alone produced some reductions in smok- - 
mg at long-term foHow-up. More substantial reduction 
occurred when the media, campaign was supplemented 
y by face-to-face* therapeutic instruction. These findings 
are encouraging, but must be evaluated cautiously be- ^ 
cause of* several methodological problems inherent in 
risk factor studies of this sort— namely, the high drop-' 
out rate and/or other difficulties encountered when sub- 
jects do not adhere to the rairdomly assigned interver* 
tions' involving lifestyle changes (Kasl, 1980). 

Another ambitious study, in Finland (Puska et al., 
1978), introduced a nationwide multiple-component pro- 
gram, including televised counseling sessions. These . 



were^Besigned to prevent relapse by educating partici- 
pants in behaviorar techniques for coping w.ith antici- , 
pated relapse problems (e.g , stress, weight gain) About 
40,000 adult smokers participated in the study; as a result 
of the program a small ^ut significant percentage 
achieved sustained 0 abstinence from ^smoking at six- 
month and one-year follow-ups (Mc Agister et al., 1980). 

The Stanford and Finnish programs represenfimpreS- 
sive, and perhaps, cost-effective efforts^ induje large 
numbers of people to aban^|ri the cigarette habit on a 
long-term basisf These and plated studies, however, 
have not produced unequivocally successful outcomes 
(Leventhal and Cleary, 1980' Kasl, 1980). 

Nonetheless*, they do suggest that meaningful changes 
in smoking behavior via public health approaches are 
possible, but only when the risks of smoking are made 
immediate and salient, and both skills and support to 
m change smoking bcryuor' are provided (Pomerleau, 
1980), The more important question oT whether risk fac- 
tor (e.g., smoking) reductiontavill lower morbidity and 
mortality, particularly from cardiovascular diseases, is 
being studied directly by large-scale intervention trials 
n^w underway. These projects will be discussed in the 
st section of this chapter. \ 



OTHER BEHAVIORAL THERAPIES IN HbALTH^Rb 

The increasing importance of behavioral and social sei^ 
enees in medicine 'is due, in part, to_the development 
effective procedures for changing illness-related behav- ' 
iors Several of these behavior modification techniques,* 
which were designed and evaluated for the prevention,' 
management, and treatment of physical disease (Pom- 
erleau and Brady, 1979), .have already been alluded to 
in the discussions of medical compliance and cigarette 
smoking. Other health-care applications are in*the areas 
of pain control, childhood disorders, adujt psychoso- 
matic disorders, rehabilitation of the disabled and phys- 
ically ill, and geriatric problems (Melamed and Siegel, 
1980). Four representative^ behavioral" techniques are 
described below. 

Operant Control of Chronic Pain # m 

Pain reactions can persist long after the original phys- 
iological sensation and tissue damage have Ween reme- 
diated. Fordyce and others (1976) have developed a suc^ 
cessful technique for treatment of'chronic pain* through 
the application of operant conditioning procedures. 
Many pain-related behaviors become established and 
maintained by tlje particular rewards they provide for the 
patient, for example, attention from family, staying 
home from work, as well as pajri relief* Environmental 
'.rewards (e,g., attention from family and/or hospital staff) v 
are therefore manipulated so triat ttic value of undesirable 
pain behaviors js reduced or removed. , „ 



i 



Cognitive-Behqpwral Interventions ** 

These techniques are designed to reduce pain*and the 
aversiveness of medical procedures (etg., surger^)' by 
diminishing perceived threat atod the psychological stress 
associated with medical proc^s^ures (Turk and Genest, 
1979). Since the physiological anS^or ,behaviojal com- 
ponents pf the stress response (e.g., excessive sympa- 
thetic nervous system activity, lowered motivation or 
ability to comply with medical regjmens) ma), also .in- 
terfere with the recovery process (cf, Krantz, -1980?, 
there is some induction that stress-reduction procedures 
can speed recovery. Spme of these procedures (e.g., 5 
psychological preparation of children for hospitalization) 
are being applied routinely (Mel^med and S.iegel, 1980). 

Biofeedback K 

Until recently, it«Was believed that the responses of the 
autonomic nervous system were involuntary and that an 
^individual could exert little or no control over these proc- 
esses However, visceral responses such as heart rate, 
blood pressure, and skin temperature can be controlled 
voluntarily when feedback is provided to the indiv id&al 
for altering these responses (cf. Miller, 1969). Biofeed- 
back training teaches the individual to monitor physio- 
logical responses through the use of electronic instru- 
ments. When a^subject alters a physiological state (e.g^,' 
heart rate, mtfscle tension, electrical activity of the 
brain), he or<she is provided* with4ui$$tory , visual, of 
other feedback indicating the correct response has 
been made, Th^eedback ineffective wueaching subjects 
to control the physiological response because it tells them 
that their motivated attempts to alter the response are 
effective. 'Jhus,jthe feedback serves as a reinforcer (re- 
ward), which leads to learned control 6f t^e physiological * 
response (Miller, 1969). • . ' 

Recent research has explored the clinical utility of 
biofeedback techniques for such disorders as high blood* 
pressure, migraine headache, seizure disorders, sexual 
f dysfunctions, and muscular paralysis (jGatchel and Price' 
1979; Ray et al., 1979).*A particularly effective clinical 
application has been in the treatment % of neuromuscular 
disorders. For Example, through the use of feedback for 
activity of muscle units (cells), paralyzed T>r damaged 
muscles mtfy once again'come under voluntary control. 
D/sfunctions such as ce/ebral palsy, muscular spasms, 
and various paralyses have been successfully treated by 
bioteedhack. Often, these dysfunctions were previously 
unresponsive to traditional physiotherapies and medical 
or surgical treatment (Ray et ah, ,1979).* 

Thi initial Enthusiasm for biofeedback probably ex- 
aggerated its therapeutic effectiveness. Further research 
has revealed limitations in the use of this technique. For 
example, it must still be established that training in lab- 
oratory or clinic^geaeralizes to real-fife -setting's, and 
jthere is" need for more research evaluating the relativ? 



Behavior and Health 58 1 

effectiveness of biofeedback versus other therapeutic 
techniques. 

* Relaxation Trailing % . 

Relaxation therapies' are procedures designed to elicit 
physical and erKptional calmness nn order to decrease 
autonomic nervous system arousal, muscular tension, 
and other physiological correlates of psychic trauma. 
The most common technique is deep muscle relaxation 
(Jttcohson, 1938), which involves supervised practice in 
the systematic^relaxauon of major skeletal muscle 
groups Relaxation therapy is effective in the treatment 
of, a variety of psychophysiologic disorders, including 
high blood pressure., migraine headache, ' and chronic 
pain syndromes (Melamed,and Siegel, 1980). 

4 • * Cs 



OUTLOOK FOR/THE NEXT FIVE YEARS 

An important priority for v re,search in the next five years 
■ is the integration of behavioral and biomedical knowl- 
edge in a way that elucidates the mechanisms underlying 
the "interplay arrfong bettor, physiological processes, 
and somatic dysfunctions Accordingly, the, key issues 
for biobehavioral inquiry include further study ot tea- 
' Hires of the behavioral context and of the individual 
(e.g. /coping styles, biologic predispositions, availabil- 
ity of social supports)* which may determine the outcome 
, of exposure to stressful events^. Also suggested are fur- 
• ther studies $f psychophysiological mechanisms that 
mediate behavior-disease' linkages, particularly tho.se in- 
volving neuroehdoenne and immune responses. Other 
priorities are the development and evaluation of tech- 
niques \o produce sustained changes in behavioral risk 
factors. Th'siincludes research.on* mechanisms of smok- 
ing addiction and withdrawal , and prevention of health- 
impairing habits. The important area oif medical com- 
pliance requires more theoretically -based research taking 
-into .account doctor-patient communication and the cog- . 
nitive/motiv ational factors that sustain adhefence to treat- 
ment* regimens. 8 

BIOBEHAVIORAL PARADIGM FOR RESEARCH INTO THE 
ETIOLOGY AND PATHOGENESIS OFTHYSICAL DISEASE 

Psychosocial Stress * • * 

i * 

As npted eariier, stress has been implicated as a central 
factor in the etiology of cardiovascular illness and also 
may play a role in the development of peptic ulcer, » 
ca&cers, and infectious diseases'. The association of psy- 
chological stress with somatic disorders underscores the 

'importance of research aimed 'at (1) understanding Avhen 
and under what conditions stress becomes translated into 
physical diseases, (2) specifying the physiological and 

' neuroendocrine pathways through which Stress-reactions 
^^tentiate ilfness, and (3) identifying factors which pre- 
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dispose individuals to one stress^related disorder rather 
than another (cf. Graham, 1972). \ 

Conditions for the Stress-Disease Relationship Stres/ 
Is probably an inevitable aspect of modern living, the 

• struggles, conflicts, and frustrations "that threaten indi- 
vidual well-being seem an inherent quality of the huntan 
condition. Yet, stress-related diseases are far from uni- 
versal. It would appear that personal attributes^and sit- 

• uational variables exert an important influence in mod- 
ifying the outcomes of psychological stress (Cohen et 
al., 1081). Among the more promising of these modifiers 
are sociocultural resourpes, including direct help or 
emotional support from other people and the health-care 
system. Also important are particular psychological char- 
acteristics of stressors, such as whether they are pre- 
dictable or within the individual's ability to control. In * 
addition, biological predispositions and acquired factors ( 
such as styles of coping mav mediate the impact of stres- 

' sors, thereby influencing the likelihood of a disease out- 
come (Cohen et al., 1981). Thus, univariate studies link-* 
ing indices of stress with disease endpoints must be 
supplanted by multivariate research in which the stress- # 
moderating effects^ of biological, psychological, and socio- 
cultural variables are taken into account. ■ 

For research to be cost effective, psychosocial van- . 
ables must, where appropriate* be examined in conjunc- 
tion with ongoing biomedical studies. For example, the 
National Institutes of Health are currently funding a num- 
ber of Specialized Centers of Research (SCOR), which 
are conceYned with vanous aspects of cardiovascular 
disorders in children and adults (U.S.D.H.E.W., 1978). 
.Given the importance of behavioral variables in these 
disorders, valuable scientific data at a*relatively low cost 
would be provided by incorporating behavioral compo- 
nents in these studies. For example/a psychosocial com- 
ponent was included in the Fr.amingham Heart Study*, 
cohort examined in the late 1960V Results of this study , 
reviewed above, provided useful information supporting^ 

% the importance of behavioral an&social variables in 'the 
etiology of coronary heart 'disease (cf. Haynes.et al., 
1980). - ' ; , 

* 

• Psychophysiologic Mechanisms Research on the psy-, 
chophysiological pathways linking stress to disease will 

.require continued technological improvements to facil- 
itate the measurement and identification of neuroendo- . 
enne, central-neural, and related processes. Animal ' 
models, will play an important role in such research {cf. 
Ader, 1976, Campbell and Henry, forthcoming). The 
study of pathophysiological mechanisms often relies 
upon procedures that cannot be used with human sub- . 
jects. These procedures include the use of surgical in- 
terventions and electrical stimulation as means of iden- b 
tifying sites that regulate bodily reactions to stressful 
events.* Drugs that selectively stimulate (or block) the 



activity of sus'pe£ted mediating structures, such as the 
receptor sites of the sympathetic nervous system, provide 

*a direct means of assessing the impact of stress-related 
physiologic processes upon target organs whose dys- 
function fs suspected to be of psychogenic origin (eg, ' 
Obrist, 1981). - ?% /' 

/fluman research models, will however, remain indis/ 
pijisable, especially in the study of cognitive and r)er- 
ceptual variables that initiate and regulate physiological 

.reactions' to stressful stimuli. Experimental research is 
essential and justifiable for making progress in this area , 
where no demonstrable damage to subjects can be dis-. 
cecned. Wherd ethical and practical concerts limit the 
applicability of laboratory methodologies in studying a 

' problem area* it is frequentl> possible to conduct studies 
of populations who are exposed to the variable of interest* 
under natural conditions. ■> f 

Recent. developments in ps>chophysiological meas- 
urement make it possible to measure the influence of 
behavioral *anables on physiological processes in 'na- 
turalistic settings, such as home or workplace These 
techniques have opened new frontiers in biohavioral re- 
search. For example, a recent stucly successfully utilized, 
a portable electronic device to 'provide blood 'pressure 
biofeedback aimed at preventing fainting, thereby aiding 
in the rehabilitation of paralyzed patients (Miller, 1979) 
Another study (Dimsdale and MoSs, 1980) utilized a 
portable* blood withdrawal pump to monitor plasma hor- 
mone Jgvels during periods of emotional stress and 
exercise. 

A focus on mechanisms linking behavior and health 
is required irl qrder to translate historical and epide- 
miological descriptors, such as age, personality, ge-, 
netics, or nutritional history, into psychophysiological 
processes that can be modified or altered (§chwartz et 
al., 1979). To influence medical practice, behavioral and 
social science research must identify modifiable variables 
involved not only in the etiology of disease, but also in 
the prpgresston of illness after symptoms have appeared 
(Stachnik, 198D). . \ 



The Specificity Problem The study of factors that se- 
lectively predispose individuals to particular disorders 
must incorporate examination of both traditional risk fac- 
tors (including genetic predispositions)^nd acquired be- 
haviors.(such as coping styles), as well as features of the 
situation'(e.g., exposure 4o particular types of stressors) 
Both animal and human -research models need 1o be 
used ia exploring issues of selective susceptibility to 
disease. The controlled breeding of infra-human species 
can facilitate the sjudy of genetic and behavioral inter- 
play. For example, several strains of rats susceptibleMo 
f stress and salt-jnduced HBP have been produced through 
selective breeding (Campbell and Henry„ forthcorning) 
Similarly, genetic strain appears to influence suscepti- 
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bility to gastric lesions caused by experimental immo- 
bilization (Weiner, 1977). * . . 

Human research also should contribute to the study 
of biobehavioral factors that ntake Tor vulnerability to 
Specific physical disease's. Recall jhar subjects with a 
family history of hypertension exhibit enhanced blood 
pressure response while working at a demanding task 
(Obrist, 1981). A similar research strategy could be used 
to study physiological changes in subjects with a family 
history of other disorders. For exaqcLpJe, stress-induced 
changes iij serum glucose levels might be studied in 
individuals with diabetic parents. This type, of research 
shoi|ld be supplemented by studies of twins and pro- 
spective research employing longitudinal 'designs. 

* r 

Type A Behavior Pattern « 

Qne illustration of a developing area of mechanism- 
oriented biobehavioral research is the study of the Type 
A "coronary-prone" behavior: pattern. tTaving^demon- 
strated its association with coronary, disease, research 
now.is addressing issu.es similar to those discussed in* 
the section on psychological stress: (1), isolation , of as-^ 
pects of the behavior-pattern that confer enhanced risk;' 
(2) identification of the psychological mechanisms that 
produce and sustain coronary-prone behavior; (3) spec- 
ification of the* physiological processes that account for 
the enhanced risk of individuals displaying coro'nary- 
prone behavior (Glass, 1981). Subsequent stydies (prob- 
ably with animal models) might be undertaken to elu- 
cidate cause-and-effect That is, d9 animals bred or" 
trained to exhibit Yype A behavioral characteristics^show 
elevated physio]pgicak?reactivity, or are the behavioral 
responses caused by physiological reactivity 0 ' Indeed, 
both behavioral and physiological reactions mav be con- 
sequences of a third variable Jocated elsewhere in the 
nervous system. 4 

Psychoneuroimmunology 

The emerging field of psychpneuroimmunology also 
holds great promise (cf. Ader, 1981). Exploration of 
basic mechanisms of immune changes produced by psy*- 
chological stimuli will continue to be an active area of 
research. In addition to controlled laboratory experi- 
mentation with animals, there is ? need to determine if 
reliable, replicable, and clinically meaningful. alterations 
in immune function in humans are associated with psy- 
chosocial variables (e.g., certain life stressors, coping 4 
style's, or both of -these acting together). Other research 
priorities for this field include the study of correlated 
changes in neuroendocrine and immune functions across 
the life span (development immun61ogy), studies^ pos- 
sible learning and conditioning effects on the immune 
system; and pr6spective studies relating behavior to proc- 
esses of immunologically-mediated diseases (Ader„ 1981). 
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Methodological Issues » ^ 

The complexities involved in integrating behavioral and 
' biomedical knowledge will require multifaceted research 
Strategics. What is needed is a continual interplay be- 
tween laboratory and fiefd methodologies. This interplay 
may take several forms. For example, an effect can be 
established as reliable with controlled laboratory exper- 
imentation, where causal links can be; inferred. The gen- 
erality of the relationship can then be esta'blrSheci in sub- 
4 sequent research in natural settings (e.g.. home, workplace) 
(cf. Cohen et al., 1980). Similarly. \py first conducting 
field studies, it is possible to isolate important dimen- 
sions of a particular research area. At that point, labo- 
ratory studies may be useful to rule out alternative ex- 
planations" oTten inherent in naturalistic research. A v*vid 
exampjoof this-methodological interplay is provided by 
data on*6iobehavioral factors \n -the Ctiojogy of high 
blood pressure. Naturalistic anc clinical evidence sug- 
gested that psychosocial stressmlays a role in this dis- 
order. Accordingly, laborat^fj^tudies were undertaken 
to isolate the psychophysiological mechanisms involved 
^in behavioral responses to environmental stressors. Fur- 
ther naturalistic work (e.g.. Rose et, al. . 1978) extended 
the laboratory findings by demonstrating that exagger- 
ated blood pressure responses to high work loads were 
predictive of. sustained hypertension (Herd. 1978). 

RISK "FACTOR MODIFICATION AND PREVENTION 
RESEARCH ISSUES AND FUTURE DIRECTIONS 

Associations between major chronic diseases and seem- 
ingly modifiable behavioral factors have spurred interest 
in relating behavioral knpwJedge to health promotion 
and the prevention of disease (Breslow. 1978. Matar- 
azzo. 1980). The present bodv of research in this area 
constitutes onl> a promising beginning, and it is wise 
to be cautious about making unequivocal claims of suc- 
cess based on existing evidence. However, this emerging 
research area does raise important challenges and 
questions. 

» "* \ 
Maintaining Abstinence * \ 

While there are encouraging,indications.that established 
patterns of behavior can be changed in the short-term, 
a major difficulty hds been maintaining these changes 
ixi substantial numbers of individuals over sustained pe- 
riods of time (Bernstein and Glasgow, 1^79, Hunt et al., 
1979). There is also a high early drop-out rite in various 
treatment program^ (cf. Leventhal and Geary, 1980). 
* * Work in these areas by behavioral scientists*will intensify 
in the next ftve y(/ars and must focus on understanding 
• factors that initiate and maintain health-impairing habits, 
and not just on techniques to modify and prevent them. 

For some habits, such as smoking or drug abusc*j>i- 
ological factors afe intimately involved ^t all stages of 
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the problem. Considerable attention must be given to the 
x psychobiological and psychosocial aspects, of the with- 
drawal and behavior change processes themselves (Lev- " 
enthal and Geary, 1980) Smoking, dietary, and exercise 
habits, and health-endangenng practices such as failure 
, to use seat belts', alcohol abuse, and poor hygiene also 
must 4 be studied as sociocultural phenomena Decisions 
to engage in or modify health-impairing habits, and the 
incorporation of changed behaviors as part of aq. overall- 
lifestyle, all occur in a social context (Syme, 1978)\ 

Antecedents of Habits and Risk Factors 

Ha^jts and lifestyles develop in the context of family 
and society; hence, more research is needed on ttoxiP- 
^ ciahzation of health-related habits. Such longitudinal and 
cross-cultural research is expensive, but may be con- 
ducted in a cost-effective manner in conjunction with 
ongoing longitudinal studies of the development of dis- 
m ease risk tactors in children For example, a number of 

* projects are being carried out among populations of 
\ .school-age children (e.g., the Bogalusa Heart Stud>, 

Voors-et al., 1976) to track the distribution and time 
course of heart disease risk factors such as blood pressure 
* * and serum lipids. Behavioral and social variables, in- 
cluding family health .values and habits could be incar 7 
porated into sucfi projects. A behavipral interface with 
biomedical research would also provide an excellent op- 
. portunity to examine the process^s^nvolved in the so- 
cialization of health lifestyles . t 

* Prevention * i 
-Primary prevention (i.e., before disease develops) of 
health impairing habits, and the promotion of healthy 

"lifestyles for people* of all ages are cost-effective ap- 
proaches to healttf. For in the long term, the potential 
costs in lives and dollars of treating disease are hkel> 
to outweigh the^eosts of preventing unhealthful habits. 

^Social learning approaches to smoking prevention have 
yielded promising results in the Houston school-based 
intervention (Evans et al/, forthcoming). Further work 
\ with children and adolescents might expose other habits 
to social learning interventions. More systematic re : 
search with adults also is needed. The workplace has 
proven to be a promising setting for such efforts. People 
spend considerable time at work, and many employers 
sponsor such programs because of the benefits that accrue 
from healthier employees. 

The terms 4l secondary,prevention" and "tertiary pre- 
vention 1 ' refer, respectively, to interventions taken to 
arrest the progress of illness already" in early asympto- 
matic stages, and interventions to stop the progression 
of. a -clinically manifest disease (Institute of Medicine, 
1978), Secondary and tertiary prevention 'activities in- 
i ' volving behavioral factors may be more feasible than 

0 primary prevention, given the present state of knowl- 
edge- Advantages of such interventions are that targe; 

ERJC • /• . • ( - . ffc" 



groups can be easily^recognized and are motivated to 
change their behavior (cf Institute of Medicine, 1978V 

Modification of Type A BehaviwP 

Various therapeutic approaches have' been proposed for 
modifying the Type A pattern (Roskies, 1980) behav- 
ioral techniques, such as relaxation training have been 
proposed as a way of reducing stress-related bodily re- 
sponses ejicited in Type A individuals Other strategies 
Jor modifying Pattern A have been designed to induce 
behavioral" change One such technique involves having 
the subject imagine situations that normally elicit Type • 
A behaviors, and covertly rehearse alternative. Type B 
responses. Group therapy pcocedures ajso have been us^d > 
in some studies with post-MI patients. Efforts to evaluate 
the Effectiveness of these procedures have yielded en- 
couraging results, but care must be exercised in drawing 
definitive .conclusions. Preliminary evidence suggests a 
reduction in cardiovascular complications and in .Type 
A behaviors (Friedman, 1979; ROskies, 1980) 

Systematic research aimed at assessing modification 
procedures for Type A behavior is certainly one of-the 
priorities in this area However, large-scale pals may 
be- premature at "this time . A more pressing priority is 
to delineate* the particular 'features of the behavior pattern 
that are nskrenhancing as well as' the psychological fqc- • 
tors that give. rise to and sustain Type A behavior 

•'.»»• ' 
Determining the Impact of Behavior Change on 

Morbidity and Mortality 

The presumably causal associations between behavioral 
factors and chronic diseases imply that effective modi- 
fication of habitsyand behavior patterns will reduce the 
incidence of andjjportahty'from these- disorders This 
assumption is complex "and. requires further evidence 
before it can be accepted. In the case 6V cigarette smok- 
ing, epidemiological data reVeal that fofcmef cigarette 
smokers experience declining overall mortality rates as ^ 
the years of discontinuance of the habit increase 
(IhS.D.H.E.W., 1^64). Data on morbidity are more 
complex, and indicate that the benefits of being an ex* 
smoker are not as high as the^ benefits of never having 
smoked. Similarly, the data 6n the effects of reduced 
blood lipids' on'CHD are not conclusive (Kasl, 1980) 
Indeed, they suggest that factors^ch as the age* at which 
reductions Occur and,the«underlying mechanism far lipid 
elevations' make a difference in the benefits that -accrue. 

Convincing evidence that risk factor iffodification re- 
duces, disease incidence and mortality can be^btained 
• only from experimental or clinical trials^ Several primary 
pretention trials (selecting subjects free of disease at 
entry into the study) are underway Jo ^determine if altering 
diet, smoking, and controlling high blood pressure will 
lower the incidence of coronary heart disease. One s\jch 
project, initiated in 1973, is called MRFIT, that is, the 
Multiple Risk Factor Intervention. Trial (Collaborating 
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Investigators, 1976). It involves nearl) 13,000 high- 
CHD-nsk individuals, half of whom were randoml) as- 
signed to, a special interventiort program consisting of 
health education, behavior modification, group support 
approaches, and a maintenance program to prevent re- 
cidivism. The other half of the*subjects received annual 
medical ex^ms only. Another project, the Stanford Five 
Cities Program (Farquhar, 1978), is an extension of the 
first Stanford media-based intervention, with follow-ups 
being taken to determine heart disease morbidity and 
mortality- 
Data regarding risk factor reduction in these two stud- 
ies have not yet been published. It* is not known how 
large a reduction in risk factors is necessary to observe 
a decrease in heart attacks in these populations. Results 
are expected to be available for foe MRFIT in the next 
two years . | , * 

Qinic&l trials of lifestyle interventions face the, prob- 
lems of behavioral measurement and of maintaining con- 
tinued adherence to regimens (Kasl, 1980, Svme, 1978j 
Despite these disadvantages, such studies are major field 
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trials of therapeutic and preventive measures which are 
relevant to the formation of public polk.) regarding be- 
havior and health. 



CONCLUDING COMMhNTS 

The final section of this chapter has highlighted the "more 
promising research areas in behavior and health Fore- 
most among these are the stud) of ps>chosocial stress 
andjhe mechanisms linking stress and illness; psycho-* 
neuroimmunolog), the challenge of maintaining absti- 
nence from health-impairing behaviors, and techniques 
for enhancing medical compliance. 

T^he biobehav loral approach to somatic health and ill- 
ness is, b> definition, an interdisciplinary venture. Jt 
requires the. contributions of researchers representing a 
variety of skills and perspeitive.s. Provision needs to be 
made for training investigators in the integrative skills*- 
necessary for continued pr^ress In tile scientific study 
of behavior and health. 
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SUMMARY 



One of the most visible contributions of the social sci- " 
ences to modern socfety- has been the methodology of • 

r survey research, in which a sample of the population is y 
studied In gathering information, political pollsters, 

" market researchers, and government agencies all rely on 
techniques that have been devised, applied, and then 
refined 6y social scientists and statisticians. Virtually ■ 
every important policy decision, whether \i is m'a^Ie by 
a corporation or by a federal agency, requires system- 
atically" collected information. This paper describes re- 
cent advances in the design, measurement, and analysis 
procedures that are employed in large-scale*surveys an"d 
social policy experiments. 4 * 

Surveys are conducted to obtain information that is 
not only accurate for the particular groups questioned, 
but also accurate for some larger population ^rom which- 
those groups are drawn. Forjnany surveys, simple meth- 
ods ^of probability sampling allow the researcher to es-. 
timate the deviation of sample findings from those that 
might exist for the entire population of interest. ,How- 
ever, when a study is intended to assess the effects of 
an experimental treatment, such as an income mainte- 
nance program, or l<f gather information on special* 
subgroups within the population, then simple r^jjipds 



of probability sampling are inadequate. Saritpling tech- 
niques have been developed to minimize the costs of 
collecting information and at the same time provide ac- 
curate data for the' researcher or policy maker. 

Even when an appropriate sample is selected, numer- 
ous sources of error arise in interviewing. Is the respond-* 
enf s memory accurate for past events? What if aqucstiqp 
is unanswered? What if the respondent lies or is predis- 
posed to grve~7socially desirable answers? What if. an 
interviewer records x response inaccurately? Various 
strategies have been developed either to antfcipatc and 
guard against these difficulties prior to the survey or to 
take themnnto account Trticethe, data are collected. "Fac- 
tors such asthe impact o^ghe content .and the ordering 
olquestions, characteristics of the interviewer, and even 
> the type of-situation in which the information is t collected 
are considered. While interviews in person or by tele- 
phone or mailed questionnaires are the most common 
survey procedures,, there is also a new approadMo in- 
terviewing called Computer Assisted Telephone Inter- 
viewing (CAT1), wjiich promises to„provide greatly in- 
creased flexibility in tailoring interviews to £ach 
respondent. Although many techniques to, minimize 
. errors irr the collection of survey ^iata involve the col- 
lection process itself; statistical .techniques ^ve been 
developed fo'compensate for known gaps and inaccu- 
racies in already collected^ata sets. 
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Many 'survey research .techniques are used in longi- 
tudinal studies and social policy experiments, often fed- 
erally funded. Through thye use of proper statistical meth- 
ods, a broader and more reliable base of knowledge of 
the educatioft, employment, income and health of the 
population has been developed. 

Survey research technology is employed throughout^ 
American society Furthermore, it is a technology that 
is undergoing constant innovation and revision, with 
techniques developed in one setting applied and modified 
for 'another. Yet .these methods constantly receive the 
meticulous attention of academic statisticians and re- 
searchers. The sociologist, political scientist, or econ- 
omist investigating basic questions about human behav- 
ior relies on the same survey methods employed by " 
business and government. The research described here 
suggests that far from b^ing a stable set of known tools', 
survey methodology is an active research field that pro- 
vides continual benefits in the form of usable knowledge. 



.INTRODUCTION 

An army is said to march on its stomach — forward prog- 
ress depending -on the mundane realities of preparation 
and distribution^ food. Similarly, a science may be 
saijj to progress on its methods, the' production of sub- 
stantive knowledge, .basic" or applied .'depending on the 
mundane techniques for collecting, analyzing, and in- 
' terpreting data In the centennial issue of Science. Nobel 
laureate Herbert A. Simon writes: 

An important part of the history of the social sci- 
ences ov er the past 100 years, and of their prospects 
for the future, can be written in terms of advances 
iri the tools for empirical observations and in the 
growing bodies of data produced by those -tools 
(1980:72). 

This is not to say that methodology alone can create 
• ^or advance science — the most sophisticated method used 

"mindlessly can produce, at best, only pyrotechnics to 
dazzle the uninitiated. It is the thoughtful development 
of specialized methods, their careful application to sub- 
stantive problems, and the thorough and balanced ex- 
position to trje lay public as well as to the technically 
versed scientific corrimunity (exposition that .stresses the 
limitations of the methods as well as their, strengths) that 
shed the bright and steady light by which science can 
make its way forward? Our confidence in our knowledge 
about the social world depends to a large extent upon 
our^confidence in tjie research methods employed to se- 
cure trftt knowledge. 

It is methods for large-scale social science research 
that concern us here. Social science research has become 
a national, resource. Its findings are mined to provide 

% insights about social processes useful for both basic re- 
search and social policy applications. They inform the 4 
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creatioivof policy . Methodological resources developed 
for social science research aref used to design the-eval- , 
uation Of policy and to secure information crucial to 
governmental decisions*. In 1979 some 150* domestic 
assistance programs used statistical factors (mostly sur- 
vey data and the Census) to allocate over Si 20 billion * 
in federal funds — oftc-fifth of the federaUbudget (Wall- 
man, 1980). The federal investment in conducting the 
surveys to gather the data on 'which these allocations 
were based is itself considerable, though small to relation ' 
to the amount allocated. The combined budgets -Qf the 
major agenqies fielding the relevant surveys were -ap- » 
proximately three-quarters of a billign dollars in 1979 ^ 

'What are these surveys that are sp broadly used 0 
■ A survey is^one means of gathering information about , 
the characterises, actions, or opinions of a large group* 

* of people referred to as a "population " : The population 
ri%ht be voters and the information sought might be . 
their opinions of candidates or theft vote intentions^ the 
jppulation might be recipients of food stamps and 'the, • 
jnformation sought rgight be how the food stamps are ' 
used: the population might "be consumers and the infor- 
mation sought might "fee whether trfey intended to pur- 
chase a 'new major appliance within the next^year: the 
population might be the entire Uniteci States population 
of working age and the information sought might be the 

i ' amount of unemployment. The groups that are interested 
in the results of such surveys" and hence commission 
them or carry them out vary enormously. Besides agen- 
cies tff the fecleral government such as the Census Bureau 
and the Department of Agriculture, they include com- 
mercial polling firms, organizations specializing in n^ar- 
ket research, university-based research ir\stitutes, and 
state and local governments. 

Surveys can be classified by wheifrer they involve only 
one interview or repeated interviews with the same re- 
spondents. A methodologically influential one-time (or 
cross-sectional) survey was the Equality of Educational 
Opportunity Study , which collected* data^ on some 
570,00fr school' pupils,, 60,000 teachers, and 4,000 
schools. The study asked questions about .the effect of 

» school facilities, teacher characteristics, and home sit- • 
uations on students' educational r>erforn\ance Its anal- 
yses and reanalyses, discussion and controversy gener- 
ated much heat but also shed much methodological light ^ 
. on succeeding studies (see Mosteller and Moynihan, 

+ 1972). Surveys that repeatedly interview the same re- 
spondents are called longitudinal or panel surveys They 
have major advantages over one-time surveys in their 
ability to follow individual changes Over time and thus 
illuminate the social processes that are at work. Thus the 
Panel Study of Income Dynamics (Morgan, 1*977) can 
describe those Americans who are persistently poor (that 
" is, below the poverty line year after year), and contrast 
them with families who dip below the. poverty h«e only 
once in a .decade of interviewing, Similarly, the Pames 



Study, als6 tailed the National Longitudinal Studies 
(Bielby et al., 1977), can investigate the long-term ef- 
fects of chronic teenage unemployment on future Jabqr 
(orce participation. ' • * 

Surveys can also be classified as to whether they are 1 
seeing information about a system "as.it stands/* per- 
haps in ofder to establish a baseline against which to 
measure the effect of a policy change, or about the ipipact 
of a program change after it has been implemented ,\>ither 
in full or on an experimental, basis The Current Popu- 
lation Survey (CPS), carried out each month by the Cen- 
sus Bureau to mea^jpf among other things, the amount 
of employment and unemployment, is an example of a 
sun e>- measuring a current condition, as was the sufvey 
conducted to measure equality of educational* opportu- 
nity Surveys designed to, measure the impact of a pru- 
'gram or policy change can be roughly divided into those -•>. 
. embedded in quasi-expenmqnts and those embedded in- A 
true sociarexpcnmeffis. 

Quasi-expenments 1 using surveys fall into two broad 
classes. The interrupted time-sene.s design collects ^lata 
from the same people or ,from t the same population tor 
a considerable penod of time before and after some pol- " 
ic> change or intervention occurs. The data from the" 
"before" period giv'es some indication of the trends in 
the phenomenon and its variability in the absence pf any 
intervention. These provide a yardstick with whit/h to 
measure the effect 'of the intervention and to gauge - 
whether a discontinuity In the tiAie series at the poir\t of 
intervention represents a real change. This use of surveys 
has had little large-scale application to date because no 
sufficiently long, valid, and 'credible tune series have 
existed The massive data collection and -documentation 
efforts detaijed in the present paper may well yield such 
tirare series for future use 

The second kind of quasi -ex pen mental use of sur- 
veys seeks data from groups in the* new program and 
also from control groups. The control groups are designed , 
to be as like the program groups as possible on the vari- 
ables that are expected to influence responses to programs 
or to be Important as alternative explanations for changes 
in the program groups. .For example, the study of the 
impact of Project Head Start, conducted byjhe Westing- * - 
house Learning Coloration and Ohio University under 
contract withNOEO in 1968-1969, used 1,980 first-, 
second-? and third-grade students from 104 Head Start ' 
centers and a matched group of nqnparticipating children 
from the same schools as controls in conducting the ev alu- 
ation (Granger et-al., 1 969 /. The two groups were match- 
ed on the key variables of age, sex, race/ethnicity, and 
kindergarten attendance. ThcsocipeconQmic status of the 
two groups was made as comparable as possible by the ' 
use of ^statistical technique called analysis of covanance. 
Small but statistically significant differences on a few of 
the outcome rrleasures mtfavor of the* full-year Head Start 
group were found. . *■ ' 
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on a few of the outcome measure^ *in favor ijf the futl- 
year Head Start group were found. , 
3 Quasi -experiments are fraught with inferential dan- 
gers. A well designed and analyzed qujfsi-expenment' 
makes every effort Jo separate tRe effects due to the 
program from effects due to other causes For example, 
such investigations must always ask whether self- 
selection to the program by those most likely tg benefit 
from it causes the program to appear more effective than 
it would be if offered to the 'general population. Con- 
versely, selection of those most in need of'the program 
nlay also select those least able to benefit and thus make 
the program appear less" effective than it should. How- 
ever much care fscxerused, such isolation of program ef- 
fects is never completely possible in q^asi s e\penments 
Thus unambiguous causal 'statcmcpts — bold statements 
that' yie. program. caused the outcome -cannot be made, 
my quas^experiments 

Its^for this reason that, true social experiments, jjie 
other application of surveys to evaluating the impact of . 
program change or innovation, are mounted Here a pro- 
posed rtolicy-foinov aUoft is implemented experimentally 
among a- randomly Jioun group of potential partici- 
pants, with another tandomh dioscn group serving as 
a control to evaluate outcomes in the absence ot the 
program It b the act of randomization that makes the 
eontroj and experimental groups the same before the 
program is introduced and thus permits probabilistic as- 
sessment of whether any subsequent differences between 
them are effects of the program 

The earliest of these fargc- t scale true social experi- 
ments was the New Jersey Negative Income Tax Ex- 
periment, and this was followed by several other income 
maintenance experiments across the country The pur- 
pose of these studies' was ta find out whether a govern- 
ment-supplied lneojiic'supplemcnt'to poor people woufd 
reducctheir incentive to work *The findings indicate that 
little disincentive is created for primary wage earners, 
but slfghtly more exists for secondary wage earners. 
Other large-scale social experiments rnuc investigated 
the effects of offering housing allowances and differing 
health insurance plans. , * 

Surveys in their various forms are one of the tools that 
Herbert Simon refers to in the passage quoted earlier in 
this essay as providing a growing body of data. But 
Simon goes on to say, * 

It is perhaps fiot important that we have more in- 
formation than our ancestors, it is vitally important 
that we have better information. A major part of the 
effort of .trained social scientists ha^ gone into im- 
proving^ our techniques for making the kinds of 
' measurements that I have just enumerated [essen- 
tially survey data] (1980: 72). 

Two key aspects of proper surveys in which methodo- 
logical advances make possible the gathering .of better 
information are sampling and standardization*. A survey 
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as used fo obtain information not from everv^member 
of the population, but only from a sample'selected using 
probability methocjs. If the sample is drawn in a properly 
random manner (and not haphazardly, for^exam^le;, or 
by the use. of volunteers or those conveniently at hand), 
then the results of, the surve? can be generalized to the 
population from which the sample was drawn. The sec* 
ond key attribute of a proper survey is that lts^rocedures 
are standardized — it uses prescribed forms of questions 
and standardised methods of asking them. 

In one way or*anotlter, sampling and standardization 
to 1 obtain valid measurement are the themes of this paper. 
What are the methods that social scientists and statisti- 
cians have devised for making surveys yield better-in- 
formation? Probability sampling methods have a long 
history of theoretical development, but recently meth- 
odological attention has turned to those factors that can 
destroy the v^lue ofanform^tion from survey seven when 
probability Sample's arc employed — problems of non- 
response and mistaken responses. Peeling away the van* 
ablfttv originating from these ^estraneou* sources puri- 
fies our information, giving us more confidence in its 
validity ^ < 

What ar^ the effects of differing decisions about the 
standardized procedures for*a particular survey? Does' 
it matter whether the interviewing is done in person or 
on the telephone? Does the form, context, or ordering, 
of questions make a difference in the estimates prepared 

" from the surveys? As research is done to answer thd.se 
and related questions, we learn more aboilt the validity, 
and generalizability of the information given us by sue- 
veys and are more able to improve them. 

This paper discusses some of the methods that have 
been arid are being developed to reduce the fuzziness of 
the knowledge gained from large-scale surveys and ex- 
penments. Ideally wfe should like to go out into the world 
with a coherent theory of human behavior and a fool : 

"proof machine for measunng the effects brought about 
by our precisely specified cause*. But usually our the- 
ories are stated only broad and general terms. W r e 
often have only approximate ideas about causality. Our 
ability to measure effects is limited by the extraneous 
vanability in our measurements brought about not pnl^ 
by the process of samplingjbut also by the standardization^ 
decisions, niade in' any particular tase. Our ability to 
measure effects is also limited b/people* insistence on 
acting like human beings — refusing sometimes to answer 
our questions, insisting sometimes on their own inter- 
pretations of meanings rather than the ones we have an 
•mind, and so on.. It is to the separation of these extrane- 
ous sources of van ability 'from the actual measurement 
*)f the phenomena of interest that w/turri as we examine 
the concept of total survey "variability. * 

In the process we hope to see w.herevnew; advances , 
will anse. It is difficult (perhaps impossible) to shine a 
beacon into the future — but if we illuminate the recent 



past we may perceive the methodological **ff\ances that 
reflect "their influential' images ontolthe y.ears ^head 

TOTAL SURVEY" /ARrABlLJTY 

Although purveys- and experiments art conducted using 
samples of individuals," their purpose as we have seen'* 
is to learn more about the broader population from which 
' the 'sample is taken. That information may* range from 
- the answers to.such relatively Simple question as "What 
proportion- of the -population is female^" through more 
difficult or sensitive ones such,as "What is the average 
artftual expenditure for medical care for members of the 
* population?** on up to '^uch conceptually complicated 
'ones as/ * What 'effect on tfifc incentive to work arrjong . 
the members of this population would an income sup'- 
" ^lenient have?" In all cases? it is correct answers to these 
questions forVie population that are of interest, not an- 
swers that are correct only for the people surveyed, nor 
answers'that are incorrect even for the 'people surveyed 
.and, hence, of course* incorrect for the population - ' 

As the results of surveys become more important -for 
society — for example, as unemployment statistics from 6 
the Current Population Survey .(CPS) become the basis _ 
for distributing federal funds, as % citizens'- expressed 
opinions on issues of ^he day come to shape* the platforms ' 
(and later the policies) of political candidates, as poll 
results, righJLly or wrongly , become the, basis for includ- 
ing or excluding a third-party Presidential candidate from * 
nationally televised campaign debates— it becomes more 
and more important to make these results as accurate as V 
^possible. Efforts to improve the accuracy of surveys (and • 
other data collection methods) focus on the sources of 
inaccuracies, the underlying assumptioh is 'tfiat if such 
sources can.be identified they can eventually be con- 
trolled, or at*the very least, thuir effects can be taken 
int£ account in the interpretation of results 

To address sources pf inaccuracy many investigators 
use the concept of {otaL survey error and several models 
have been developed to opejationahze the concept (eg , • 
Lessler, 1979, see Mosteller., 1978 for a simple technical 
' exposition of the Census Bureau Model) We shall, use 
the blueprints of these models to guide our exploration 
of the effects of variability in surveys 

This isjhe first of many times in this paper that the 
notion of a model sppear^s. What* is a modeP It is a 
formal expression-of a theory or a set of causes that the 
proposer regards as having generated me observed data* 
In "statistics such, a model is Bsually expressed in sym- 
bols — and thus^ a mathematical model While architects 
and engineers construct scale models of their projects, 
the model of the statistician is not this sort of .scaled- 
down but concrete representation .of an otfjtct. It is. a 
/ ^model of an abstract process, usually greatly simplified, • 
and used frequently to explore how varfihg the inputs 
affects the outputs of that^rocess A better'analogy than , 



the model, of the architect-or the engineer is the animal 
model" of the biologist. In a toxicological study using an 
animal model, the assumption is made that the vital proc- 
esses of the animal are sufficiently like those of a human 
being that fnformation about the drug's effects on, the 
animal vy ill have some value in understanding its effects 
on humans. There is, howe^r, no assumption that the 
animal is "just like" a human being. Similarly a sta- 
tistical model is not * *just*like' * the process it represents, 
rather it abstracts out the most salient^elements of the 
process for study lrf 

Statistical models serve & th£. core of surveys and 
expenments. The income> maintenance experiments were 
guided b> a model *hat suggested that earned income 
depends on the am<$ffit of incortie supplement and other 
variables The purpose of the expenments was to find- 
out how this dependence is expressed Thus certain quan- 
tities in the model (e.g!, amount<bf income supplement 
given) were known- for each participant Other quantities 
in the model, the parameters, were .unknown, and the 
purpose of the experiment was to estimate them. Does 
doubling an income supplement reduce earned income 
by one-thtrd? By"one-half? More' 1 Less? 

It is largely through the proposing, estimating x testing, 
refining, re-estimating, retesting, and re-refining of 
models that social science, its methods, and its appli- 
cations advance. For example, the massive' systems of 
.structural equations that model economic processes are 
the backbone of econometrics, les> ambitious structural 
equation models are used to model smaller social proc- 
esses'. Vve shajl encounter models of Jabor force partic- 
ipation, mantal dissolution and other processes in this 
paper, but now let us return to a specific kind of model, 
that of total survey error. e 

Total survey error models partition the total variation 
in survev responses into .several components that can be 
studied separately. These components include sampling 
variability, response effects, nonresponse effects,, and 
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"sample. (For a probability sample everyone on a list, 
Called the "fram^/^which defines the population, has 
a Hnown jion-zero probability of being included in the 
sample and all samples have known probability of being 
•chosen. The probability sample is fully realized — in this 
case-r^if all people chosen for the sample respond with 
data on the itern asking for income.). Different samples 
would, of course, include different people, and thus 
would be likely to yield* slightly different' results when 
average income is calculated Conceptually the meas- 
urement of this variation over samples is the measure- 
ment of sampling error. For a particular sample, sam- 
pling error is defined as the difference between the 
estimate df the average income of the population derived 
from the sample and the true average lr^ofne of thfe 
population that would have been obtained* if every one 
listed in the frame had been asked the same question 
about income at the, same time that the people in the 
sample were asked it. Clearly the size of the error in any 
given sample is-unknown^if the true population average 
income were available for comparison, there would be 
Jittle point in carrying out the survey in the first place. 
Nevertheless, the variability associated with these errors 
over all possible samples is known from statistical theory 
and it can be estimated from the variation in a, particular 
set of sample data and the size of the^sample. In partic- 
ular, as the number of people in jhe sample (//) increases, 
the probability that many, commonly used sample statis- 
tics (sample average inegme in our example) w Hi be near 
to the population parameters they are designed to esti- 
mate (population average income, in.ourcase) becomes 
larger. In fact, in simple random sampkng, the standard 
error, a customary measure of sampling error, decreases 
proportionally to \l\Tn. * 

Thus,. suppose the Current Population Survey (CPS) 
questioned a simple random sample of^KXl people (al- 
^K)ugh CPS actually uses much more elaborate sample 
Resigns ajid questions many more people). If the un- 



their combinations, The gbal is to measure and control y^^mploymenf rate was found to be 10%, then the esti 



the total error by providing a rnathdmatical frame worl 
for examining separate sources of error. When a*real 
survey is evaluated us-mg^the concept of totah survey 
error, the effect of each component is gauged, and then 
the separate effects are synthesized to arrive at a state- 
ment about the accuracy of the antire purvey . Similarly, 
we will examine in turn the major components^ of total 
survey variabijity. sampling vanability, response effects, 
and nonrclponse effects, and then look at some progress 
being made in synthesizing these ideas in moasuring the 
accuracy of surveys. 

/ 

SAMPLING VARIABILITY * 

Forconcreteness in defining sampling variability or sam- 
pling error, let us think dbout estimating the average 
income for a population from a fully realized probability 



mated^ standard error would be about 2 percentage points. 
Further, in 95 cases out of 100 the results ba$d on the 
sample would differ no more than 4 percentage points 
in either directioirfrom what would have been found by 
interviewing all eligible adults. If, however, CPS ques- 
tioned 40,000 pepple and still found the unemployment 
rate to be 10%, then the estimated standard error would 
be reduced by a factor often as would the length of the 
"95% confidence interval" described .above. 1 
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NONSAMPLING VARIABILITY 



But all this assumes an ideal world — among other things 
it assumes that the.frime is an accurate representation 
of the population to' which we want to generalize, that 
t everyone chosen for the sample provides data on income, 
" that the researcher and the respondent share the same 
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definition«of "income," that respondents remember cor- 
rectly andaell the truth, dnd that nobody makes ajmstake 
in copying. down the answer. It is to these nonsamplmg ' 
errors- that much interest has recently turned, as results ' 

* of surveys are taken seriously by the public and policy- 
makers, for in someways they are harder to understand 
and control -than sampling errors.* They cannot, for m- 
1 stance, be decreased just by increasing the size of the 
sample, as James A. Davis* \I975. -42) has put it, 
"V7i wrongs do not make a right " % 

Nonsamplmg variability or^errors can be subdivided 
into nonresponse variability or; errors (people are left out 
of the frame, left out of the sample, or do not answer 

» specific questions) and response or "measurement" var- 
iability or effects or errors (answers are obtained, but are 
in some sense "wrong" ). We will first consider response 
erjors, a problem that, has, attracted a good deal of at- 
tention in recent years, 4 . ^ * 

Response Effects . - 

Different types of questions. are asked in surveys. Thqre 
are factual or behevioral questions (How old are you? 
Have you ever been arrested?) for which there is* "true" 
answer that can, at ,lea«* in theory, bp ascertained ^r 
checking the survey response against. At the other end 
of*a scak of concretencss are attitude questions (Do you 
feel that -the President's policies are sound? Would you 
instainrtsulation in your home if fuel oil prices tripled?) 
^>r which there is no external source of a "true" answer. 
There are continuing debates about whether the concept 
of "true". answer is even applicable in such cases, 8 and 
an extensive literature on the matth— or lack of match- 
between expressed attitudes and actual behaviors; see, 
e.g., Deutscher, 1973. In addition, tl]ere are questions 
that are indeed behavio'ral — Have you been the victim 
of an unreported crime this cnonth?— for which no easy 
outside verification is possible. For current purposes a 
distinction between factual and attitudinal questions is 
helpful. With factual questions we may certainly speak 
of response "erro'rs" whan the answer in the survey does 
not match a publicly recorded fact, while with attitude 
questions we should speak of response "effects" if two 
different methods m a survey produce two different an- 
swers. That is, if a higher percentage of ^respondents 
answers "yes" to' the question "Do you agree with the 
Pre'sident's policies?" than answers "no" to the reversed 
question "Do you disagree with the President's poli- 
cies?" we have a response effect attributable to question 
wording. 

Three broad classes of response effects can be iden- 
tified (Sudman and Bradburn^l974). those originating 
with characteristics of the respondent, those originating 
with charaptenstics of the interviewer (or with the in- 
teraction between characteristics of the interviewer and 
those of the respondent), and those originating in the 
social situation of the interview. This three-fold division 



will be Jollowed" here, although the Categories and the, 
variables within them interact.' For example, a question' 
form' that gives valid data in a face-to-face situation may 
m be inappropriate jn a mail survey. 

-Respondent Effects Differences in respondent charac- 
teristics, in general, ought to create real response dif- 
ferences, not ones 'that might be called." errors.' * Thus 
the whole point of, a survey, for example, might be to 
find out if respondents, who differ on whether tHey live 1 , 
with a spouse or live separately also differ in income 
Respondents may also possess other characteristics that 
predispose them to give particular sorts of responses', 
such as a need for approval, a propensity to acquiesce, 
or a. wish to give socially desirable answers These pre- 

l * dispositions, unrejatecfto the content of the researcher's 
questioif, are called "response sets " Thus, if unmarried 
heads of households tend to>give more socially desirable 
responses than do married ones, they might exaggerate 
their income and the' true relationships between marital 

^ status and income would be obscured Measures of such 
a "response set" .are hence often included in question- 
naires so that their impact can be controlled But some 

* recent research indicates (Bradburn et al , 1979) that 
"response sets" may not be artiTacts t^bq eliminated 
but real personality traits People who score higft on 
.these measures seem to live in limited social environ- 
ments. They report low" levels of behaviors such as so- 
ciability, drinking, intoxication, and marijuana use. not 
because 4hey "are manipulating the image they present 
in the interview situation, but because [they) have dif- 
ferent life t experiences and behave differently from per- 
sons with lower scores" (p. 103). 5 

" • Memory is another respondent variable In factual" 

' questions, a respondent must be able to remember cor- 
rectly in order to give an accurate answer. Two kinds 
of memory errors can be distinguished, forgetting, and 
what has come to be known as the "telescoping" of 
time. In the latter, events, purchases, or victimizations, 
etc. are reported as happenfng more recently than they 
actually did. (This moving of events to more recent times 
is the usual meaning of "telescoping"; there is some 
evidence, however, that telescoping may sometimes 
morve events into the more distant past.) 

These phenomena woflc in opposite directions in pro- 
ducing responsQ errors, forgetting leads to underreporting 
the number of events in a time period, and telescoping 
typically leads to overreporting Forgetting can be min- 
imized by using such memory jogs as "aided recall" 
(perhaps better called recognition) in which the respond- 
ents read or shown a list of the events that may have 
happened, and asked to indicate with a yes or no answer 
whether indeed they have, but this may increase tele- 
scoping. The encouragement of respondents to take the 
time to find records of expenditures on such items as 
health care and home improvements offers increased 
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accuracy and controls telescoping, but is of little use 
when records are fragmentary or nonexistent.' 

To v control telescoping a technique called "bounded 
• recall' ' has been useful in panel studies where respond- 
ents are interviewed repeatedly (Neter- and*Waksberg, 
"1964) At the start of the second "aod subsequent inter- 
views, respondents are reminded of what they have pre- 
viously reported and asked what has occurred since those 
events Clearly the interviewer needs an easily available 
and extensive furid orirfforrnation on the respondent for 
this technique to be used conveniently and in this con- 
nection Computer Assisted Telephone Interviewing 
(CATI — see below) offers tremendous possible-benefits. 
As the length of tijiir tjetwe'en interviews increases, the 
amount forgotten increases, but the amount of telecopy- 
ing decreases, conversely , asthe amount of time between 
interviews decreases, telescoping increases and forget- 
ting decreases This relationship suggests that there 
might be an'optimum spacing* between interviews so that 
the effects of the two phenomena tend to cancel out. 
(See Sudman and Bradburn, 1973). 

Problenjs with faulty memory can be avoided by ask- 
ing peopleto keep diaries of theirtime use. This.approach 
has been employed in basic research oij participation in 
iabor both in the home and outside- it (e.g., Berk and 
Berk, 1979, and the Time Use Survey being conducted 
at the University of Michigan, see, for example Stafford 
and Duncan,* 1979; Hill and Juster, 1979)' Government 
surveys by the Census Bureau 'have used 'expenditure 
diaries to investigate purchase of small* easily forgotten 
items- and these.data are used by the Bureau of* Labor 
Statistics to help decide when items included in tlje Con- 
sumer Price Index ought to be revised (Hoff and Thomp- 
son, 1980). Gasoline purchase diaries haveT>een used 
by 'the Energy information Agency to supplement the 
data gathered- from the residential energy consumption 
survey (Thompson, et al., 1980). But diaries are costly, 
possibly incomplete, and respondent cooperation is dif- 
ficult to obtain and often deteriorates with time (Kalton 
and Schuman, 1980). 

Some of these problems can least be addressed. For 
example, incentive payments nave increased the com- 
pletion rate of diaries (Thompson, et al., 1980), and tape 
recording can be effective for groups who may have 
difficulty writing diaries (Sudman- and Ferber, 1971) 
Another approach is to employ electronic "beepers." 
One group of researchers gave a sample of adolescents 
these electronic paging devices through which signals 
were transmitted at random times {Csikszentmihalyi, 
Larson, and Prescott, 1977). The'yoifihs were quite co- 
operative in pausing in their activities to fill out a brief 
questionnaire about what they were doing, with whom, 
and how they felt about it. (Most time was passed watch- 
ing TV, or in conversation with peers; only 18% of the 
adolescents' time was spent studying or working.) This- 
seems a tecKnique with wider applicability and has also 
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been used by the Michigan Time-Use survey, where it 
was found* to give results comparable to those obtained 
by more usual diary methods. 

N Interviewer Effects , The second sort of response effects 
are those due* to interviewer characteristics or to thq, in- 
teraction of those characteristics with those of the re- 
sponded. The change pfthe/U.S. Census after 1950 to 
mostly self-reporting came about because analysis showed 
that enumerator effects, -while not themselves terribly 

Jarge, constituted a major part of the total variability of 
the Census. * 

A recent review of the literature (Sudman «und Brad- 
burn, 1974), however, found evidence of only weak 
effects in this category. Matches between interviewer 
and respondent on such characteristics as gsnd^r or race 
tend to affect onl^ those questioftsthat relate directly to 
the matched variable. Thus Blacks tend to give mure 
militant answers to Black interviewers than to white 

* ones — raising the question of which answer is closer to 
the "true" attitude oxjpehavior. Whe'n such^n interac- 
tion is thought to be important, the sample can be Split 
between matched and unmatched interviewer-respondent 
pairs and any response effects that arise be reported as 

. part of the data. 

Inteniew Effects ' Far more important than the previous 
two categories in creating response effects are variables 
having to do with_4^e tqsk confronting the respondent 
and interviewerTand with the social situation in which 
they find themselves. 

* Comprehension and communication are the first m- 
terview^variables, for the investigator and the respondent 
must understand the question and the possible answers 
the same .way. &ome startling examples of misunder- 
standing have bpen reported (Kalton and Schuman, 
1980). Respondents ignored a carefully worded defini- 
tion of "a room/ * when reporting on the number of rooms 
in their home (after all, they know what a room is, and 
nobody has to tell them how to count). And only one 
of 246 respondents to a question of "What proportion 
of your evening viewing time, do you spend watching 
news programs?" could specify how to work out the 
proportion. (Perhaps someone does have to tell respond- 
ents how to do complicated counting.) Fitting question 
wording to respondents' understanding, asking for clar- 
ification, and asking parallel questions with consistency 
checks move in the direction of improving comprehen- 
sion and commumcatiorl. 

. Mode 'of presentation is a second interview variable. 
Altho'ugh the popular image of a survey taker is probably 
that of an earnest female interviewer ringing the doorbell 
of one of the 6 chosen, in many surveys no interviewer 
appears at all. Some are conducted by mail, with the 
respondent filling out the questionnaire alone, and many 
are conducted by, telephone. Mail and telephone surveys 
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are less. expensive than those conducted in person, so it 
becomes important to find out whether they produce dif- 
ferential response effects. No method has been shown 
to give clearlj^upenor results fyr all kinds of questions 
(Sudman andBfcdburn, 1974). 

There are essentially no differences between telephone 
*and m-person modes for nonsensitive questions (Groves* 
and K^hn, 1979), nor even on sontewhat sensitive ones 
where external validity checks are possible. For example^ 
while 51i\% of the noninstitutionalized y.S. population 
actually voted in the 1972 Presidential election, overre- 
porting of voting occurred nt nhjif^t thf* same level 
among those interviewed in pe^on and those interviewed 
by phone in the Groves and Xahn study (6£.6% and 
69.1% claimed to have voted in -the two cases). There 
' is some evidence of greater validity on sensitive ques- 
tions about such matters as mmor law breaking in self- 
reportfng jnail forms. 

Telephone interviews have to give up the visual aids 
often used in face-to-face interviews, for example when 
the respondents are handed a card and asked to choose 
f a response category. This procedure allows respondents 
to say a letter, rather than directly, state an iocome in # 
dollars to the interviewer. But some researchers (Durako 
ajid McKenna, 1980) have found it possible to mail out 
visual aids in advance of an appointment for a phone 
interview. Only small differences in distributions of an- 
swers from the two modes resulting from the lack of 
. visual aids have beeo found. 

Open ended questions (where the respondents must 
answer,in their own words/are answered differently on 
the phone than in person; by phone, answers tend to be 
shorter and there tend to be fewer multiple answers. In 
an experiment done in connection,, with the National' 
Grime Survey (NCS), respondents who were interviewed^ 
mostly by telephone reported themselves Victims of 
'fewer small thefts than those who were more often in- 
terviewed in person. The effect was strongest for males 
and those between '25 and 49 years old. Thus a switch' 
to telephone maximization for NCS would change com- 
parisons between population subgroups (Woltman, Turner, 
and Bushery, 1980). * * ' 

Idiosyncracies of particular interviewers tend to have * 
more effect in phone surveys because each interviewer 
does more interviews (Groves and Magilavy, 1980). 
Mail and telephone interviews also sacrifice traditional v 
interviewer skills: recognizing puzzlement from nonver- 
bal cues and giving off reassuring nonverbal messages 
in return; being able to code the ethnicity and social clasS 
$f respondents; and being able to report ^distracting 
influences present at the interview that may have^re- 
sponse effects /for example^victimizatioh by a member^ 
of one's family \4 unlikely ^Ch be reported while that 
family member is present). Telephone interviewing, at 
least in single stage procedures, also sacrifices the ability 
to match the gender and/or race of the interviewer with 
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those of the respondent, but as we have seen, lack of 
such matching produces response effects only on the 
questions to whicl\ such attributes are'most salient 

One mode of presentation tends to increase anonymity 
because it never forces respondents to tell whether or not 
the sensitive question has been answered, and* hence 
ought to decrease response effects The randomizqd re- 
sponse technique (Warner, 1965) 'requires a respondent % 
to do some kind of randomization to determine whether 
the sensitive question or an innocuous one is to be an- 
swered. Simple probability calculations then K give an es- • 
timate of the number in the sample who agreed with the 
sensitive question, without revealing which josgondents 
did so. The technique hgfebeefi found to reduce distorted 
responses to socially undesirable .questions (tha : one 
would expect to be underreported), but to be ineffective 
in reducing distortion to questions dealing with social)^ * * 
desirable behavior (that one would expect to 1 be overre- 
ported).(Locander, Sudman. and Bradburn,'1974) 6 

Still another mode of presentation designed in part to , 
increase anonymit} and hence increase response accu- 
racy is called network sampling Individuals, rather than ^ 
being asked about their own behavior or characteristics 
are 0 asked about behaviors or characteristics of (heir 
friends or relatives (Sirken, 1975, Sudman. et al . 1977) 

In summary, the usual modes of presentation introduce 
few* response effects on nonsensitive "questions: with 
mq^ sensitive que.stio^is, however, the more aponymous 
.modes seem to elicit mbre valid responses. Further, the 
shortness of telephone interviews may permit respond- ) 
ents to decide that some incidents, are too tnvial'to men- 
tion. Ttfe Current population Survey (CPS) uses both 
telephone and in-person interviews, and there is little or 
no evidence that these different mode's create response 
effects 'on statistics of empjoyment and unemployment, 
although further research on the topic has been called 
for (Brooks and Baiter, 1978). The 1980\ensus exper- 
imented with telephone rather than in-persor* follow-up 
for a sample Qf those who did not mail back the census 
forms in order to compare the modes of completeness 0 
of data, costs, and interviewer attrition (Barlar and Mis- 
kura, 1980); the results of this trial are not yet in. 0 

Even while investigators are attempting to understand 
the response effects connected with 4 'traditional 1 ' modes 
of interviewing, within the last decade a new mode has 
been developed, and the response effects that^it may 
introduce must take their place on the research agenda 
This new mode, which^may turn out to be a major in- 
novation in interviewing, is Computer Assisted Tele- 
phone Interviewing (CATI). 

Rather than reading from a printed questionnaire, the 
interviewer reads questions from the screen of a Cathode 
Ray Tube (CRT) attached to a computer terminal, and 
records answers by typing them in on the keyboard of 
the terminal. Because a computer is involved, CATI 
offers greatly increased flexibility from beginning to end' 
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of the interviewing process Interviewers can be pre- 
sented ^vith sample telephone numbers to be called in 
random A order, callbacks can be automaticajly scheduled, 
and respondent selection probabilities can be altered as 
interviewing progresses (Rosjhwaib, Spector, x and Man- 
dansky, 1979; Dutka and Frankeh 1980). ; 1 

In a printed questionnaires instructions to the inter- 
viewer about which questions: to ask of which respondent 
% can get very corticated very quickly, and it has been 
common practice to allow no more than four levels of 
contingency (e.g , ask this question only offnales, over 
28, with children, and no military service). In CAT1, 
because the computer is programmed to do this '•branch- 
ing," as many as 17 levels of contingency have been 
' used (California p^ak load pricing experiment, Lebby, 
*1980)^ Contingent questioning can be used to explore 
successively more sensitive areas, thus providing more 
information and less nonresponse, with respondents typ- 
ically dropping off only after supplying at least some' 
information Information from earlier in the interview 
can be introduced in questions later in the interview, as 
can material from earlier interviews with the same re- 
spondent iQhe study is" longitudinal. Question wording' 
can be tailored to the respondent, for example, to the 
appropriate jevel of education, thus bringing the meaning 
• of the question as intended by the pesearcher and as 
understood by the respondent into closer correspondence 
than is usually possible with a structured questionnaire. 

Most systems For CAT1 can also do calculations to 
provide sample statistics as data arrive, and sample sizes 
can be determined sequentially Errors are reduced be- 
cause the operations of data coding and entry are short 
circuited, and because most systems are programmed to 
recognize wild or inconsistent values and request cor- 
rection on the spot. 

CATI may well offbr the opportunity, to test much of 
the conventional wisdom of professional survey re- 
searchers (Freeman, 1980) For example, .because ques- 
tion order can be easily, independently, and automati- 
cally randomized, and records automatically kept of 
which respondents receive what Qrder, experiments on 
^que^tion ordering can be carried out routinely, as can 
experiments on the effect of the order in which "the in- * 
terviewer reads the possible responses to questions. 

Switching from hard copy questionnaires to CATI 
creates £ome problems: flexibility that is needed but riot 
anticipated by the system designer is difficult to achieve; 
interviewer training differs from what is traditionally 
done; and currently systems from different installations 
are incompatible (Groves, ,et al., 1980; Shanks, 1980). 
It is not dear at this ji me whether these are the early 
growing pains of a new technology or more permanent 
faults. 

There is speculation that CATI, if used imaginatively, 
can- represent a quantum leap in technology. For ex- 
ample,* there has always been a tension in tjie construc- 
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lion of survey instruments between the canons of good 
measurement which dictate multiple indicators — as in .a 
battery of questions measuring a psychological trait — 
and time and respondent patience constraints that dittate 
the use of single questions or at most a few indicators. 
One could conceive of asking a question or two to de- 
termine the approximate scale location of a respondent" 
(e.g., toward the conservative end of the scale) an<Mhen 
» using the flexibility of CATI to choose further questions 
tailored to particular respondents and useful in placing 
them at more precise scale locations. Screening in tele- 
phone interviews on rcfutine demographic and other char- 
acteristics will, with some regularity, turn up respond- 
ents that are of special interest for pohcy or other reasons, 
e.g., who are members of sparse groups (young Chi- 
canos, sufferers from a rare disease).. If interviews are 
on-gjping under CATI for several studies, it would be 
possible to program the system to injroduce a module 
of questions pertinent to-the research concerns about the 
"sparse" group into an on-going mterview whenever a 
member of that group is found,, thus gradually gatherfhg 
a sample. of sufficient size for generalizing. (But see the^ 
discission below of the response effects due t6 ques- 
tionnaire context, such problems may make data gathered 
in this way less attractive than they seem at first glance.) 
Finally,, the notion of compressing CATI into a micro- 
processor so as to make the "questionnaire" portable 
'and playable through a TV screen in a respondent's own 
home has been suggested (Lebby, 1980; Shanks, per- 
sonal communicat/on): Such a procedure might capital- 
ize on respondents ' pleasure on being informed that a 
computer isr involved in the interaction, it might also be 
a device for assuring confidentiality of survey data, for 
respondents could interact with the CATI system without 
the intervention of the interviewer, presumably secure 
in the knowledge that no one would s&e their identified 
data. 

Question form — the art of question writing and ques- 
tionnaire construction — has been described for. years in. 
texts, manuals, and word-of-mouth instruction. The sci- 
entific study of response effects produced by these var- 
iables also has a long history, but the more recent avail- 
ability of survey archives and the increasing seriousness 
with which surVey results are regarded have inspired a 
new flowering- of research. 7 

Open-ended questions ("What is your opinion of the 
President's handling of the crisis in Iran?") have long 
been believed to give more accurate information op re- 
spondents' attitudes than closed-ended ones ("Do you 
think the President's^handling of the crisis in Iran is 
excellent, fair, poor, or terrible?"), Current^opinion is 
that neither form has a clear superiogity ovefcll. Open- 
ended questions are clearly needed, 4iowever, in at least 
two situations, when salience of issue to the respondent 
is being investigated, so that the respondent's words 
indicate the thought invested in the topic, and in th| early 
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Stages of questionnaire construction, when the* freely 
chosen wording of pre-test respondents is crucial to the 
construction of response categories to be used in the 
closed questions for the bulk of the survey 

Long questions are in bad repute for slowing down 
the pfcce ofifrhe interview and supposedly confusing re- 
spondents. Recent studies, however, have experimented # 
in lengthening questions by adding redundant or irrele- 
vant material without complicating them. (For example, 
instead of "What health problems have you had in the 
past yearl" one might say "The next question asks about 
health problems during the last year. This is something^ 
we ask everyone lrf the^survey. ^hat health problems 
have you had in the past year?") The result is sometimes 
a longer Answer from the respondent and frequently a 
more accurate one, in the sense that more events are 
i^gprted. Longer afiswefs seem to k be given even fop 
shorter questions when .they are mixed in with long ones 
in 9 questionnaire (Cannell, 1977) Perhaps the utter- 
viewer is both modeling and reinforcing longer answers 
by aslcing longer questions. 

It has long been believed that although changing the 
form of the question may change the distribution of re- 
spondents among the response categories (e.g. f if one 
asks "Are you in favor 6f E&\?'\ instead of "What 
is your opinion of ERA, are you in favor, neutral, or 
opposed?" one is likely to get different percentages of 
responses reporting themselves in favor of the amend- 
ment), the correlation between answers to such a ques- 
tion and other variables would not change with thd form 
of question. This is the notion of "form-independent 
correlation." Recently as* part of a continuing program* 
of research on qtiestion effects, questions on attitudes 
about foreign governments sometimes included an optipn 
of "no opinion" and sometimes required respondent? 
to volunteer thaUthey had jio opinion if that were the 
case. Not only did the percentage of respondents re- 
porting fck no opinion" increase when the alternative was 
explicitly offered, as expected,- but the correlation be- 
tween items asking opinions of different foreign gov- 
ernments changed as well (Schuman and Presser, 1978). 
Similarly, the correlation between change in interest in 
religion and change in attendance at. religious service 
appeared stronger when the two questions had. -similar 
response categories (Duncan and Schuman, 1980). 

The context in which a question is asked— the ordering 
of questions, inclusion of other questions, the very ar- 
rangement of a questionnaire — can produce response 
eMBfejThe ordering of the questions within a-question- 
nair^Tiay produce effects through several mechanisms 
(Sudman and Bradburn, 1974): (1) ©rder may influence 
the salience of topics (with low salience topics being 
most affected because it is ^easier to inojpase salience 
than to reduce it); (2) If there is overlap between ques- 
tions, respondents may be reluctant to be redundant and 
repeat details they have given earlier; (3) An urge to 
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consistency might cause answers to earlier questions to 
influence* later ones— respondents express less 'confi- 
dence in institutions when such questions are asked after' 
ones on political altenation than when they are asked 
before (Turner and Krauss, 1978); (4) Later questions 
in a lengthy questionnaire may be -answered in a per- 
functory manner because of fatigue. In a variant of this 
problem, fewer incidents of victimization were reported 
if the questionnaire was structured so that detailed in- 
formation for each incident was requested immediately 
after the incident was mentioned than if the respondent 
was encouraged to list all incidents of victimization be- 
fore being asked to describe any one in detail (Biderman 
et al., 1967); and (5) The opposite of a fatigue effect 
may occur, with the rapport between respondent and- 
interviewer growing as the interview proceeds— thus, 
sensitive or threatening questions are often placed late ^ 
in an interview when rapport is presumably high. 

In particular, questionnaire context may well affects 
responses to questions that have few everyday implica- 
tions ("What is your opinion of U.S. foreign policy?" 
vs. ."How many children do you plan to have?"), to 
• questions with ambiguous response categories (very 
haf>py, pretty happy, vs. one child, two children, etc.), 
and to questions on somewhat vague or amorphous con- 
cepts (attempted assault as opposed to actual assault as 
forms of victimization; Turned 1980). Several experi- 
ments, across survey organizations but at approximately 
the 9 same time, are currently addressing these context 
effects. 8 • 

In addition, light could perhaps be shed on the problem 
of context dependency if investigators were to switch 
focus from the question, asking which forms are sus- 
ceptible to contextual effects, to the individual, or per- 
haps type of individual, asking what sort of person is 
affected by context. Is it the better- or more poorly- 
educated person whose thinking changes with the context 
in which a question is asked; those who have given the 
matter a great deal of thought,* or those who have not 
yet thought deeply about the issues? Of course, these 
variables are more difficult to study than those relating 
to types of questions, for variables relating to individuals 
(other than demographic variables) art: most logically 
studied in a test-retest design, wHich is difficult to ad- 
minister, and has artifactual problems of its own, rather 
than the typical split-ballottechnique used tolnvestigate 
the effects of context variations over aggregates of 
people. . - - 

The veVy appearance of a self-report questionnaire may 
produce response effects, especially 'inaccuracy. The 
t980 Census Experimental program sent out variants Qf 
the usual-Census form that were " people-oriented" in 
contrast to the standard form, which is v 'cornputer- 
oriented" (Bailar and Miskura\l980). These forms, 
because of the additional data tr^scription costs and 
risks of error they entail, will have tiTshow major ad- 
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vantages over the machine readable questionnaire in 
mailback rate and data completeness if their use # is to*be 
justified. 

Current Research Prospects The comparison betweeh 
modes of interviewing is an area whtfre we can expect 
more research, and perhaps more definitive results over 
the next few years. In particular, the advantages and 
'drawbacks of CATI will be explored. Systems are cur- 
rently being used or developed in surveys by commercial 
firms, by university-based research centers, and by the 
US Bureau of the Census (Nijcholls, et al., 1980). 9 The 
branching flexibility of CATI will produce data that are 
themselves hierarchical. Statistical methods designed to 
deal with such data sets do not yet exist, w^would expect 
that the existence of the data sets would stimulate de- 
velopment of the methodology. . 4 

The work of the Panel on Survey-based Methods of 
Subjective Phenomena of the Committee on National 
Statistics will go a long way in charting the course of 
future developments in the study of response errors in 
attitude questions. Other work promises to bring the in- 
sights of cognitive psychology on the functiohing of 
human memory and coding abilities to bear on problems 
of question formulation and understanding of respond- 
ents' answers. 
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Nonresponse and Nonpurticipation Efj 

We know ttiat those do not answer some or all 
questions in a survey, who drop out of an experiment, 
or who are never homelS arj interviewer, are different 
from those who answer, remain, or are at home in terms 
of refusing to answer, afopping out and being awaytfrom 
home. It is likely that they are different in otheF ways 
as wejl. And if these ways include differences in the 
variable(s) the study is. trying to measure (say, income' 
or political ppinion), then the results of the survey will. 
6e biased. If, for example, the estimate of the average 
income of the' population (or percent in favor of a can- 
didate) k basecfoniy ojjj data from those who responded, 
it could be very different from what would have been 
estimated if the nonrespondents had also answered. 
(Recall that thf^aiuiver for the complete sample may 
incorporate sampling and response error.) 

It is useful to distingijish between "unit" nonresponse 
and "item" nonresponse. In unit nonrespoifc<^ entire 
sets of data are missing for potential respondents because 
they were missed in the^field^g., were never at home), 
were missed in the frame (e.g., for data being, collected 
by telephone surveys, did not have telephones), or re- 
fused to participate. Item» nonresponse occurs when an 
individual's answers to some parts of a survey instrument 
consistent (e.g., wage income plus 
income from other Sources is greater 
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cleaning process and must be replaced by a more con- 
sistent set of answers. e 

There is reason to believe that both item and unit 
nonresponse ar.e high and getting higher, even in surveys 
under government sponsorship. Refusal rates for the 
Current Population Survey (CPS) have risen from 1.8% 
in 1968 to 2.5% in 1976; for the Health Interview Survey 
(HIS) fram 1.2% to 2. 1 % in the same time period (Panel 
on Privacy . . ., 1979). These numbers are particularly 
worthy of concernjA'hen we take into account that both 
these surveys are conducted by the U.S. government, 
that extensive and increasing efforts are mounted to reach 
respondents initially not found at home, and that each 
1% of "the American population represents over two 
million individuals. The problem is not confined to the 
United States, however. Results of the Swedish govern-* 
ment Labor Force Survey show refusals have risen from 
1.2% in 1970 to'3.9% in 1977 (Dalenius, 1979). 

Even the U.S. Census, to which responding is required 
by law, is not immune. In the 1970 U.S. Census, data 
hadto be imputed (filled in) for such items as age (4.5% 
of the respondents) and total family income (for 20.7% 
of families) (Bailar and Bailar, 1979). It is estimated that 
the 1970 Census undercounted by 21 2% (or about five 
million people) even after adjusting the count whenever 1 
there was a shred of evidence to "do so. (Housing and 
. Post Office checks by the Gj^isus Bureau on a sampfe 
basis showed that there were some occupied buildings 
for which no residents were counted. This made it pos- 
sible to adjust the count by adding some 4 five million 
people who had not filled in census forms before that ' 
estimate of the undercount was calculated.) The problem 
of undeTcojunting or nonresponse in the 1980 Census is 
now a major source of legal challenges. . 

Given the conflicting pressures it must face, it is re- 
markable that the Census can be as accurate as it is. 
Many people believe that responding should be made 
voluntary. Nevertheless, there is both broad support and 
legislative mandate for allocating funds to localities on 
the basis of the proportion of the residents falling into 
certain categories. Further, some of the residents in those 
^very categories strongly prefer not to be counted, for 
' such reason? as the receipt of illegal income, or illegal 
immigrant status. Deciding whether indeed we want the 
count as accurate as possible or, whether other values 
have higher priority seems to be an issue. 

Nonresponse is an even greater problem in nongov- 
'ernmental surveys. In surveys with varying sponsorship, 
dealing with varying populations, and usfng varying def- 
initions of nonresponse, one study found nonresponse 
ranging from a low of about 5% to a -high of about 87% 
(Panel on Privacy . . ., 1979). If the current trend con- 
tinues, the problem of nonresponse is likely to persist 
and even to be exacerbated. -Without substantial efforts 
to curb nonresponse, response rates in major national 
data collection efforts are likely to continue to drop so 
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that survey results will become practically and scientif- 
ically useless. Thus the vigorous scientific activity being 
devoted to "developing methods for reducing nonre- 
sponse, for adjusting it when it does occur, and lor prop- 
erly analyzing the resulting data are crucial to continued • 
•good quality data from surveys 

Reasons Jor Nonresponse Several reasons tor the rise 
in nonresponse have been suggested, and some have, 
been investigated. Apathy, lack of belief in surveys, and 
reactions against sales pitches masquerading as surveys 
might well lead to refusals. Further, distrust of investi- 
gator and concern with privacy and confidentiality, per- 
haps heightened by requests for informed consent (Dal- . 
emus. 1979), may well produce both unit and item 
nonresponse In an experimental survey by Singer 
(1978), a promise of confidentiality consistently de- 
creased jtetn nonresponse to sensitive questions. A ^sim- 
ilar* experimental survey conducted under the'auspures 
of the Panel on Privacy and Confidentiality as Factors 
in Survey Response (1979. 1 16) touiW steadily decitas-* 
ing percentages of unit nonresponse (Both refusals and 
total noninterviews) witfi increasing assurances of con- 
fidentiality, but the differences were sifiall (Perhaps the 
differences were small because the Census sponsorship 
of the study, produced relatively low nonresponse rates, 
regardless of promised level of confidentiality ) We can 
expect mere research on the causes of refusals and other 
nonresponse. 

Nonresponse in the sense of noncoverage in the frame, 
can be, unintentionally introduced in the design stage 
(Morris, 1979). For example, a design ba^sed on lmper- 
jffctly nieasureS variables or those that are subject to 
j|random change will exclude some part of the population. 
Consider a frame confined to "low income" people, 
those whose incomes in the critical year were "acciden- 
tally" higher than their permanent incomes will be ex- 
cluded. (Of course, those with "accidentally" lower in- 
comes will be mistakenly included.) Similarly, a frame 
that is constructed to tap large concentrations, of a target 
group will often miss atypical members of that group: 
thus, a frame using low income census tracts to reach 
low income people would miss low income people living 
in high income tracts 

Reducing Nonresponse Certainly the preferred method 
of dealing with nonresponse i$ tokeep it from happening, 
though such procedures are often very expensive. Thus 
a battery of techniques has been.developed with the-gen- 
eral aim of encouraging the chosen respondents to par- 
ticipate, or of*systematically substituting other inform- 
ants or respondents in the field. 

Encouragement to respond takes, many forms. In de- 
signing'neld operations, stress is placed on training.in- 
* tervjewers to understand rfhe purpose of the study' and. 
to establish rapport with respondents. Callbacks are rou- 
tine (though expensive; survey organizations estimate 



that with a 75% response rate, the first .70% accounts for 
50% of the cost, and the last 5% accounts for the other 
50%) Especially for surveys under government aus- 
pices, enlisting the cooperation of local governmental 
bodies ajgl professional organizations has proved helpful 
(Morris, 1979) Incentives to respondents seem to be 
somewhat useful (In the Health Insurance Study, how- 
ever, despite governmental backing^ apparently substan- , 
tial benefits, and belief in the value of the study, 19% 
of the invited households rcfysed to participate.) 

At the same time, extreme efforts to decrease nonres- 
ponse may degrade the quality of the data Some hard- 
to-locate respondents can be found with extra effort, and 
the inclusion of their cfota will increase the response rate 
and probably the accuracy of the estimates Those who 
refuse to participate but are pressured to do so against 
their will also increase the response rate but perhaps at 
the expense of the validity of the estimates For example, 
in one study the inaccurate reporting of hospitalization 
by such* hard-core nonrespondents caused the overall 
estimates of hospitalization rates to be worse than if these 
respondents had never Seen questioned (Cannell et al., 
1978) 

Some nonresponse can be "defined away 1 ' by per- ^ 
milting others to answer for an individual, or by substi- 
tuting for respondents' In household surveys, adults are 
often permitted to act as informants as to the activities 

* of other family -members .as well as respondents as to 
their own activities. While this approach is primarily a 
money savinjg technique for reducing callbacks, it also 
reduces nonresponse. In the Charlotte, North Carolina 
pfcfest of the National Health Interview Survey, for exv, 

' ample, it was found that 50% more callbacks were re- 
quired when each "member ofj> family had to respond 
personally thafljWhen the rules were relaxed to let related 
adults respontl for those abserft (Nissdlson and Woolscy, 
1959). This sort of proxy reporting has been extended ^ 
outside the household in network sampling. 

" But there is mixed evidence about the accuracy of this 
procedure, which may sometimes substitute response 
errors for nonresponse In victimization surveys one , 
study (Biderman et al.,'1967) found that many more 
offenses were reported rjy respondents as happening to 
themselves than to other members of their families. An- 
other study (Ennis, 1967) reports accurate results for 
jvhite household informants but underestimates ojf crifiie 

• *fates when the method was used for Black families. 

* E*idem?e for the policy implications of these strategies , 
Jean be found in discrepancies in the estimates of youth 
'unemployment, currently regarded as a 'major social 

problem. On February 29, 1980, the' New York Times^ 
reported that the National Longitudinal Surveys ctftybort 
% . Force Experience (NLS) had found the 193% of wrjite \ 

• and 38 8% of fllact youths ages 16-21 >were unemploy ed 

. jn Spring, 1979;. at that time, the Bupau of Labor Sta- 

tistics' figures, based on, the Current Population Survey ■ 
(CPS), showed the rate to be 14.1% and 28% for white 



and Black youths, respectively. The report, one of the 
first outputs from new cohorts in the NLS, prepared for 
' the Labor Department by the Center for Human Research 
at Ohio State University, credited tmVdifference to the 
fact that youths "themselves were interviewed b> NLS, 
rather than other family members^such as heads of house-* 
holds as is done jn CPS. It would appear that a difference 
in a methodological procedure increased estimates of the 
size 0/ the unemployment problem' anong youths by 
about one-third. 

Many surveys permit substitution, either at random 
from a similar group or by propinquity, for sample mem- 
/ bers who refuse or are unavailable. For example, the 
- National Longitudinal Study conducted £y the National 
Center for Educational Statistics used random substitu- « 
tion of schools, while the Michigau Survey o^Substance 
Use permitted the substitution of .households adjacent to 
the one designated in the sample. Old-fashioned quota ' 
sampling permuted interviewers to 4 choose their ow n re- 
sidents as long as * 'quotas' ' for each sex, age group, 
race, etp: were met ,No probability mechanism was used. 
As it is currently done by professional pollsters (with 
multistage area probability sampling down to the block 
levetwnd then controls on such variables as gender, age, 
and employment status), quota sampling can be thought * 
of as an extension of such substitution rules. There is ^ 
evidence that this "probability sampling with quotas" 
(Sudman, 1967) produces usable results: when the Na- 
tional Opinion Research Center split its sample for the ■ 
1975 and 1976 General Social Surveys between true 
probability methods and quotas, it found no differences 
between the two techniques other than a deficit of one 
or two person households in the* quota samples (Ste- 4 
phenson, 1978). 

Because assurances of confidentiality tend£|b increase^ 
response rates, and anonymity is the ultimate in confi- l 
dentiality, many surveys routinely arrange for question-^ 
naires-to be filled out anonymously. But anonymity can- 
not be maintained easily in longitudinal studies requiring 
repeated contacts, and it is seriously compromised in 
personal and telephone interviews. Methods to increase 
confidentiality inMongitudinal studies are discyssed Under 
* that heading. In telephone interviews, respondents may * 
return calls in order to preserve anonymity, a procedure 
that also purportedly reduces unit nonresponse. Most 
„ special efforts to insure confidentiality in telephone and 
in-person interviews deal with particularly .sensitive 
guestionj^Jiowever, and are aimed at reducing item non- 
resjx>nSe and inaccuracy. Mailbacks of answers to spe- 
^ cific questions have 'been used and in spme cases the 
$ "'•"randomized response technique reduces item nonre- 
< sponse (Boruch and Cecil, 1979). 

_^ Adjustment for Nonresponse Despite' the best efforts 

t of survey designers and field staff! nonresponse, both 
unit and item, frequently occurs a^d must be taken into 
1 Q account. What then can bl done, after the fact; to adjust 

EJJC . , - 
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for appreciable nonresponse? It is logically impossibly 
to do nothing. simpl> to drop the nonresponding units 
from the sample is to do something, for any estimation 
procedures that are then implemented tacitlv assume that, 
nonresponders are just like responders and that the results 
of r the survey would not have changed had they, re- 
sponded. Doing nothing implies a very specific but sim^ 
pie model, that the forces that prevented some people 
from responding are unrelated to the variables of interest, 
so that the distribution of norfrespondents on these var- 
iables is no different from the distribution of respondents. 
Similarly, more complex techniques for dealing with 
missing data also require implicit .or explicit models of 
the cause* of nonresponse an^J* hence of the distribution 
of nopresp'ondents — usually that they are distributed like 
some subset of the respondents having similar measured 
characteristics (covanates), but sometimes that they dif- 
fer from respondents in systematic ways (as would be * 
true if, for example, the probability that people would 
report their income were proportional to income) 

A gceat number of techniques for dealing with missing 
data have been developed. 10 Some techniques reweight 
aggregations, of data to take into account missing obser- 
vations, and others "fill in the blanks, 1 ' creating pseud6- * 
yJ)servations,in place ofthe missing ones. In either case, 
the analyst jrfust tak^into account that the data have 
been adjusted -for nonresponse, ani that such adjustments , 

- affect estimates of the accuracy of quantities derived 
from the data. * 

A commonly used means of weighting for missing 
data is called ratiowestimation. It uses'infonnation de- 

^ rived from other studies°to improve.estimation. Assunfev 

jhe quantity we wish tojestimate is Y (for example,' tfi? * 
average income for the population), and that jf-wlii be; V 
♦estimated by the sample meag, y (the average rncQme 
for those in the sample). Assurpe we also know that Y ' 
is related to another variable, X (say number of people 
per roorm in liviAg quarters), for which we know both, 
the mean* for the respondents in the^sampl&, x (mean* 
number of people pef room in the sample), and the mean«» 
for the tdtal .population, A^from another source such as 
the Census. If we then make the additional" assumption 
that the ratio of the mean number of people per room , 

•in the sample toMhe mean number of people per room 
in the population is the sarfs as the corresponding ratio 
of mean income between the sample and the population 
(x)£ = yfY), we caii use this relation to adjust y to y' 
= y{Xfx). n 

A ratio adjustment for nonresponse was used, for ex-, 
ample, to correct for response bias in the 1975 Survey 
of Scientific and Technical Personnel (Tupekand Rich- 
ardson, T978). It was found that large firms were teast 
likely 'to respond to the -survey. The total number of 
'employees in the firms in each size stratum was known ' 
from-other sources* and the ratio £f scientific and technical- 
employees to total employees remained constant. Hence, 
it was possiljjle to use the ratio of the total employees -in 
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the reporting firms'inthc stratum to total 
all firms in the^tratutp to adjust the esti 
of scientific v and technical personneNn eac 

In the Health Interview Su|/ey respondent ^ 
•viewed face-to-tace, and aske*l, among*other que 
whether the household has a telephone.. Recentf 
vestifeators (Jhornberry and Massey, 1978) found that" 
health characteristics differ between households.with and 
without telephones; they developed^ ratio estimator that 
could 6e used to adjust estimates ofhealth characteristics 
for the bias arising from noncoverage of households^ 

* without phones, if the survey were redesigned to be done 
via telephone. The form of the ratio estimator should be 
valuable for other, similar surveys. This inquiry repre- 
sents basic 'research into the properties of adjustment 
techniques and their usefulness in varying situations. 12 

Techniques that filL in missing, values individually for 
item' nonresponse zfre called imputdiioh techniques. Such 
techniques assume that the value of the missing item can 
be estimated from values of pther items for th^t respond- 

* ent. One such technique uses the other items as variables 
in a regression, function', either derived from the data at . 
.hand or available from outside sources. SuctVaj>rocedure 

* must assume '(or fit)'* particular functional form of the 

* mbdefof how the missing item depends on the other 
variables (cov&iajes). For example, one faight^derivc 
a fSrmula that says "Imputed income in thousands of 
dollars = V2 (age) + 5 if the respondent ispiale + 2 
if the respondent is white -.3 if the respondent is both 
black and' female - .8 x (number of people per room 
in respondent's residence)." 

In the days before high-speed computers, survey an- 
alysts often filled °in blanks caused by item nonresponse 
from tables put together from outside sources. Sucfo a 
table might specify that if the respondent- was a married 
white female between the ages of 30 and 45 who did not 
answer how many children- she had, she should be "as- 
signed" two children. This so-called "cold-dgck" pro- 
cedure, of course, assigned the same number of children 
to all missing values for women in 'a specific, marital 
* status-race-age group. With the advent of high-speed 




computers, more flexible procedures became possible. 
These "hot-deck" procedures fill in the missing value 



for the item from the value appearing for ano^ier re- 
spondent in the same survey who is "similar" to the 
respondent with missing data. "Similar" is defined by 
the variables thought to influence the one missing (e.g., 
for number of children these might still be marital stajus, 
. race, and age) and aJJ respondents who are the same on 
these variables are said to constitute an "adjustment 
class" (L Sande, 1979). Hot-deck procedures make no^ 
assumptions abo/it the functional form by which the var- 
iables defining the adjustment class determine the truss- 
ing item, only that they do. There are now a tremendous 



^^^ces&d iff that adjustment class. Otlier variations, w 
^^j^e>possible by advances in computer science, random 
;esa ancFdynaiifc: crea*tion.of the adjustmeht classes," 
rwose a dpnor within the adjustment* Class on criteria 
*W nearness on* further irjip'ortant variaMes, or introduce 

* randomness into the process of chorte of a donorjX}. 
% Sandg, 1979).' A • 

Car$ must be exercised when making estimates from 
data that hg,ve been partially imputed because the im- 
putation changes the estimated accuracy of the estimates. 
Further, the sample size for any item is the number of 
respondents actually giving dataTor that item and should 
not be'considered incteased'by the imputation' 

A new idSa is a gpcess of multiple imputation (Rubin, 
1978; 1*979). Here the analyst repeatedly uses an im- 
putation method to fill in' missing data. Each iime the , 
coniptete data set is imputed, all estimate is made^f the 
quantity 'of interest. One can then examine the distri- 
bution .of .these estimates to see 'if, or how much, they 
vary with different imputed data sets. If several different 
assumptions about- the 4 "causes" of nonresponse are 
j^lausiblera* set of. mii^ple imputations might be carried 
out using each-^ssumptiion as the model to determine the 
imputatgH me(Jiod, the set, of sets^df estimates made, 
and thus the sensitivity of the estimation to the model 
-assumed for nonresponse explored as weli. 'The justifi- 
cation and interpretation of this multiple imputation pro- 
cedure come from a Vt Bayesian" technical stance (Rubin, 
1978; 1979). > ' . 
One can think of multiple imputation as a program for 

# investigating tlie properties of the various methods of" 
imputation in tho^ontext of various models for nonre- 
sponse'or differential response (c.f., Heckman, 1976) 
using a yaridty of -d&a sets. Some comparisons of the 
different methods haOe already been made (e.g., Bailar" 
and-Bail^,1978 > J«79; , Cox and Eolson, 1978;' Ford, 
1979)^0 far we'know that there are differences in^both 

fematic and random error over the techniques, but no 
consistent pattern is yet visible. 

Current Research Prospects Nonresponse, its causes, 
cures, methods of coping, and their properties represent 
active lines .of research. In 19^8 several sessions at the 
annual meeting of the American ,Statiflfcal Association 
discussed nonresponse; 13 the Committee on Rational 
Statistics' has established a Panel on Incomplete Data 
which held a symposium, in August. 1979. 14 The Panel 
is revving and comparing procedures used for incom- 
plete data-, summarizing theory and methods for field 
procedures, data processing, and estimation; and plans 
to make suggestions for reporting surveys so that results 
0/ nonresponse can be taken into account. Its report will 
undoubtedly for more systematic studies of the per- 
formance of imputations, perhaps following Dalenius 




variety of these hot-deck procedures: the simplest uses >*979) in asking for a series of simulation experiments, 
the value of the item that occurred in the previou^unit In such experiments complete data would be artificially 



subjects! to s nonresponse mechanising and analysts 
would attempt to estimate the (known-), population char- 
acteristics and to des^jibe the nonresponse mechanisms." 
As it becomes more and more obvious /mat the % most 
-rigorous mathematical treatment of the jefleift Jtf ad- 
justment for nonresponse is onl> as good la* the model 
of the process^ assumed to be causing the nonresponse, 
it seems likely that treatments of the subject, practices, 
and comparisons between practices will take oaa more 

Bayesfan aspect, either formally or informally 
* 

TOTAL SURVfcY VAK1 ABILITY RfcVlSirW + 

c . %JCS - . 3$ , « ' • 

Several- investigations have examine^ tffe accuracy of* 
particular surveys through the synthcfsizihg concept of 
, v total survey error* ' (or re|aled 'ideas that examine all 
possible sources of variability and their impact on esti^ 
mates made frqm the data) " One major stucjv applied 
the concept of tofol survey error to the 1970^Center for 
Health* Administration Studies-National Opinion Re- 
search Center national health survey, colk&mg data on 
health services use and expenditures (And^n. Rasper*. 
Frankel and Associates. J979)/ Verification data were 
-colle^ed from health-care providers (doctors. hpspjilis, 
etc ) to compare with 'respondents* reports for the meas- . 
urement of response errors The effects of nonresponse 
• and -of different approaches to imputation of nonresponse 
were also investigated One, important finding of the, 4 
study was that .conclusion's about'the differences in 
heahjvcare expenences^between important subgroups of 
the population (the elderly vs others, the poor vs.^olhers. , 
^etc ) changed ve^ r lrifrequently when adjustment was 
made for those parts;t>f/nonsampling error that could be * 
measured The m^agmtucfe of the differences, however, 
did change more;often. TfiiTvenfic^ion process was a 
Jengthy and expensive oriejl8 months and accounting 
for about one-third of .the million-collar cost of the sur- 
vey), so whether it should be incorporated morcregularly 
into surveys depends oirthe agtjffp&eo*' changes |n es-- 
timates {Rat adjustment fqr sor^Will cause, Probably ^ 
several more such Jarge-scaje efforts in different fields" 
of applicatioffwill be necessary before such anticipations 
can be made with any degree of confidence. - - 

4 An ^rror' Profile" has been compiled fonthe meas- ° 
urement of employment by the Current Population Sur- 
vey (Brooks and Bailar. 1978). Such a profile is related ' 
to the content of total survey error, but is constructed 
by following the operations, of a survey, step by step, 
from the .construction of the sampling frame through the 
publication of results, pointing out possible sources of 
all kinds of error, and presenting evidence of their di- 
rection and size when suqh estimates are available. This 
effort 16 was intended to serve as a model for such profiles 
for other major governmental surveys, and as a first » 
attempt deliberately chose not to consider such matters" 



as conceptual errors; these matters will probably be ad 



v " ./ * - . Survey Methods 601 

dressed in future profiles. Another error profile has been 
compiled for multiple frame Surveys by^Nornjan Belfer^ 
at the Department 67. Agriculture. It would seem that 
this sort of project, while also expensive and time- 
consuming, will point 'to gaps in knowledge about non,- 
sampling errors and stimulate efforts to fill the gaps. 
' The Office of Energy Information Validation of the 
Department of Energy has been created specifically to 
understand the error structure of data collection and anal- 
ysis in this important policy area and to improve practiced 
JVork in that office ( 1 /investigates information needs 
and .whether* thqy. are* being met by data collection sys- 
tems ..proposing improvement when 'necessary; '( 2) car- 
ries out studies aimed at validating data, looking at the 
effects of response errors and "of nonresponse and im- 
putation. (3) studies the workings of^qddels used to 
make estimates and predictions from the data, and (4) 
examines publications of these est imates^and predictions 
for their informativeneSs. ease of comprehension.. and 
clarity m explaining the meaning of estimates and the 
amount of uncfcrtaintv the^ are likely to contain. A self- 
conscfpus effort ro document procedures useoWo aceom-' 
glrish these tasks is also Under way. 

■Research Triangle Institute is at work on a taxonomy * 
of errors, as an early step toward the institution of a 
Survey Design Information System. Such a system (Ho- 
rovitz. 4980) would store information about speciricvar- H T 
lables as they have been mea^red in social surveys, 
including context of the survey, sample design, wording 
of questions, error components, and costs. This is' a 
concept even broader, than that o^f tot^l survey error and 
should serve to standardize survey measures, integrate 
knowledge orturve^rror components, improve survey 
design, and provide abroad base for methodological- 
research. 



1QNGITUDINAL SURVEYS 

How many of the Amencan people are poor? The answer 
depends on what one means by the question. According 
to the Panel Study 6f Income Dynamics, in a single year 
(1975) nine percent of the American people were below 
the official poverty lihe, twenty-five percent were below 
it jn at least one of the nine years, before 1976, but only 
one percent remained ip#overty forthe entire nine years 
(Morgan, \91lf. Th&e distinctions can make a differ- 
ence. For example, strategies for effectively assisting tjie 
chronically poor are probably very different from those 
most effective in aiding the temporarily- poor; decisions 
about the magnitudes of the efforts woulo! probably de- 
pend on the relative sizes of the two groups. 

Fqr our purposes, the .crucial point about these dif- 
fering figures is that they could have been found out ' 
(without unduly trusting people's memories) only -by 
questioning the same people repeatedly — thaMs, by a 
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longitudinal (or ptfneOstudy rather than'a cross-sectional^ 
one. A cross-sectional study could only have estimated 
the number of poor in the year of the study, .giving no 
data (except -those" based on fallible memory) on the. 
number of -persistently or occasionally poor. The differ- 
-encfc is like that between a snapshot of a c/owd where 
^•we can make some aggregate measure such as the number 
of, people present; and a motion picture in which we can 
see the aggregate size of the crowd at each -moment and 
. also follow (he activities of mdivic^als as they leave or ^ 
enter 4he crowd over time. The implementation of such * 
krge-sc#le longitudinal studies gained lmtktus in the 
early l^Os,' corresponding (o the start of large-scale 
social experiments (Kalachek. 1979). 




ADVANTAGES OF LONGITUDINAL STUDIES • ' 

The distinctive feature of a longitudinal study is that it 
permits an investigator to follow people \ov other indi- 
vidual, units of analysis, e.g , families, organizations) 

% over time, this means tha; data on individual changes, 
. rather than only aggregated movements, are available for 

~ 'analysis. Thus research can focus on process by asking 

, "how" and "why" anji often "for whom" such changes 
occur. For example, in studying life-cycle processes a 
"^panel study might address such a question as "Does 
early unemptoyment among teenagers and youth repre- 
sent a transitory phase ttW many go through* with no 
particular long-run adversd^consequences, or does such 
£ ijenod of unemployment lower future earnings and/or 
increase the proportion of timb in later life that an in- 

* dividual is unempl6yed? :! * 

The aftermath of the 1980 Presidential election pro- 
vides an example of the use of panej data to illuminate • 
process. The New York Times/CBS poll 'questioned a 
large national sample during the week before the election 
and was able to recontact 89% of the respondents who 

-vwere registered voters ip the few days following tfl6 - 
election. The gap between the two major candidates in- 
creased by about, seven percentage points jn the .week 
between polls. But this is aggregate or "net" change. 
Ir was actually brought about by some 21% of the reg- 

- istered voters polled who changed their minds .(some 

" from Carter to Reagan, spme from Reagan to Carter, 
some from Carter to deciding not to vote, and so forth). 
Respondents who reported votes different from the ones 
theyanjicipated before Election Day were asked for rea- 
sons for the change. Thus the poll was able to conclude 
.that "news of the Iranian conditions for^peleasing the 
American hostages that broke the Sunday before Election , 
Day was a major element in those shifts, ... but so, 
*' apparently were last minute rejections of Mr,- Carter's 
handling eHtle economy" (New York Times, November 

16, 1980: 1). _ ,\ , 

The exfstence of large-scale longitudinal data sets has 
inspired both methodological and 'substantive research 
and has drdfon attention to the need for developing dew 
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methodological-tools for their analyse^ C)ne example of 
this is in new application^ of mathematical models. 
These include statistical models thatMreat time as con- 
tinuous and- thu$ are more likel/' to coincide with our 
theoretical understanding of social processes and more 
likely to represent faithfully actual behavior th^n are 
•models that treat time & discrete People do not change 
jobs, break up marriages, etc at specific (discrete) times 
(such as the time they are asked abouUheir^tatus on 
these variables)! Thus 5ny decision about tne proper 
length of the time chunk uf consider is necessarily ar- 
bitrary. Weekly is probably frequently eno^ghfo observe 
whether job changes occur^but is monthly frequently 
enough? And analyses that make these arbitrary decisions 
differently for foe in discrete time models can produce 
substantively different results. Further^ continuous time 
models are often computationally s.impler than discrete 
time models. * 

In addition, most human behavior is more complicated 
than the simplest models need to assume One discrete 
time model of emplovment, foe example, would define 
three *>tates". employed, unemployed, and out of the 
labor force. U would then need to assume that the chance 
of a person being" in a particular state in the next time 
period '(e.g., month) depends only on which state that 
person is .in during this time period. Past history, in- - 
eluding "amount of time in- current* state is taken to be 
irrelevant. (This is called a Markov model ) Clearly the 
world is more .complicated than that. Some people are 
jnore likely to sta> in the same statefrom'hionth to month 
than are others. For example, unempfofr^S members of 
a particular ethnic group may be more likely than mem- 



bers of othfer groups to remain unemployed once they 
become unemployed. This is the "mover-stayer" model 
which has inspired a good deal of work in-social mobility 
Studies (see Pullman, 1978 fqr a review), 

Or we might think that the chance of changing stale 
depends on how long one'is in that state— the longer one 
has been unemployed, the more likel^pe/haps, that one 
will remain unemployed. Or the chance of moving from 
one state to another depends not Only on the state one 
is currently in, but on one's prior history— a history of 
.moving continuouslylnto and out of the labor force might 
suggest that one is more likely to move out of*the labor 
force-n&xt month, even though one is currently workmg, 
than someone else who is currently working but^as 
never been out of the labor force since high school grad- 
uation. Various combinations might also apply. 

Each of these verbal descriptions of the world implies 
a mathematical model. The availability of longitudinal 
' data makes ij possible to test which model presents the 
most accurate picture of the world a$*it island as policies 
would have to cope with it. If data are really continuous, 
constituting a life history for each individual, then both 
a choice of the proper statistical model and the estimation 
of its parameters are more easily accomplished than if 4 
thedata are fragmentary, available^only at some points 



in time (Singer and Spilcrman, 1976^ It is alwa)s im- 
portant-prior to datacdllection, to consider what models 
will be fitted, because data irrelevant for oTte^mocTel can 
be cwciai for others For example, do we want to meas- 
ure current statconly * Duration in current state** Number 
of switches in state dunng the period between interviews 0 , 

Research is needed on design for panel studias to fa- 
cilitate discrimination between nxodels fitted to t^e same x 
'fragmentary data Such research should address ^ues- 
■ tions of,the Optimum spacing between interview s'to" bal- 
an'ce problems pn-elfabilitv of tetrospectjoirversus costs 
and delays of xeinte'rviewing (Sipger and Spilerman. 
1976). " • * 

\h application of a' continuous time model has come 
out of- the longitudinal data generated, by the Income 
Maintenance Experiments (Tuma, Hannan, and Gro- 
eneveld. 1979) Three models (one time independent, 
one contrasting the first six months of the experiment to. 
the succeeding 18 months, v and one* looking at four suc- 
cessive six-month periods) were used to investigate, the 
impact of support levels on attrition (or withdrawal) from 
the experiment, and on marital dissolution and remar- ^ 
riage The findings showed no effect of support level on 
attrition (cheenngly enough), no s>s"tematic effect on 
remarriage, but a systematic effect of support level on 
marital dissolution (Marriages Qf women receiving in- 
come Supplements were considerably more likelv to 
' break up than marriages of control women, w»(h the tte household that~previously # lived at this location 
effect most noticeable during,the firsti>ix monthCb^;^ robbed?, These questions are answerable only if efficient 
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challenge to arrange a computer file that includes all the 
data for- all respondents. 

The" simple solution allots each respondent the space 
necessar> to record the data for the respondent with the 
most job changes. This creates a*n eafty used/'rectan- 
gular" file but uses a great deal of computer space *b- 
% optimal^ and increases tjie time necessary jo^access any 
piece of data. Another strategy is to use*lNnerarchical, 
non-rectahgular file structure. This economizes on com- 
puter space and access time but creates the need for new 
computational and statistical methods. Such issues of 
file organization and their consequence* constitute an 
active research area- (see, e.g., 1 Ramsey, 1977); never-, 
theless data files are already beginning jo become avail- 
able Jn longitudinal form. 19 V 

Another challenge foff\le oryaju/atior) for longitudinal 
data arises from the need to hgBanous levejs of anal- 
ysis. Often a survey is conducted so that locations (foT 
example, housing unift) are sampled. Within the housing 
units aj£ households, made .up of individuals. Typically 
i separate computer file is maintained for locations.7'for 
households, and perhaps for individuals. We can easily 
visualize an investigation where we find that ^n individ- 
ual has experienced an event (say a robbery hand we 
would then want to ask several levels of questions. Has 
that person previous!) been robbed^^Has anyone else in 
the ,same h6usehold been robbed? Was* any member of^ 



% continuing throughout the two 1 ) ear period ) Further, the 
model contrasting, the first six months withthe succeed- 
ing ~18 f closely *pf$3icted the percent of the, sapiple single 
; at each time over the two-year period, suggesting that 

, the two-period modeL^mbodied a process of marital dis- • 
solution that .15 compatible with" the data.'* 



ORGAN^ZIN^^^-LONGITCDINALLY % 

[ The organization of data-collecled longitudin&ll) presents 0 
manjr-challenges; as researchers meet them we shall see 
both methqdologic^ progress and rich substantive .re- 
f ^ suits. Manila sets that are collected longitudinal!}; are 
stored in\otnputer files as if they were merely crpss- 

* sectional, so that many of the special benefits of longi- 
tudinaTldata cannot be realized. Moreover, the analytic ' 
richness of longitudinal data is unavailable without cross 
referencing between level&'of aggregation. Each of these 
challenges is discussed in turn. 

The first challenge of organizing data frbm longitu- 
dinal surveys arises because^different numbers of events 
happen to different people. One person may be hired and 
fired^many times over the years, generating data on the 
job^description and^dajes of employment 'for each job. 
These data must be stored and catalogued as pertaining 
to this particular person. Another person may stay in the 

• same job throughout the course of the longitudinal study, 
® ;enerating far less data. It becomes a methodological 
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cross-referencing between the several dajta files has been 
provided. ^ 



RESOURCES OF LONGITUDINAL DATA 

■f 

Longitudinal data today represent an underutilized re- 
source. We are just beginning to explore the richness of 
the data sets tjiat have been deliberately collected in a 
longitudinal manner. But, there are other data sets that 
are only fortuitously longi{udinal that represent an even 
less exploited resource/The National Crime Survey 
(NCS), which asks respondents to report victimization, 
and the Current Population Survey (CPS) are both, in 
part, longitudinal data sets (see Fienberg, l$80a, Kala- 
chek, 1979). Fcfr reasons of economy in sample selection 
and control of certain kinds of bias, eachof those surveys 
uses rotating panels. The CPS interviews each family 
eight times; once a month for four^ months, and after 
eight months off the panel, once a month for four months 
again : The NCS also interviews monthly, with a rotation 
group being interviewed every six months fbr three 
years. Eich of rtiese samples is designed to'give cross- 
sectional data. Tha^is, the Bureau of the Census, which 
runs both of these survey?, is # interested in^aggregate 
employment and unemployment figures each month, and 
in aggregate victimization each montlt^^-* 

With some effort, however, the surveys could be or- 
ganized in longitudinal fonp and used to examine 
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changes .experienced by N individuals. *Some attempts in 
* this direction have indeed been earned out. A longitu- 
dinal data file for persons and households present in the 
NCS fr&nj My 1 , 1972 to December 1 . 31 , 1975 has been 
•created (Reiss, 1980). This file has been used to inves- 
tigate jepeated victimization . using loglinear models 
, (Fienberg,- 1980b). (Note that the analysis of any re- 
*peated event is inherently, longitudinal.) Because re- 
peated victimization frequently involves crimes of sfm- 
j .ilar type, further investigation might examine the 

vulnerability or "proneness" of groups of households 



or household locations to certain kinds ©f crime 



There are both limitations and a 
Current Population Survey as 
XKalachek, \$J9). its advantage | 
large— 56,^)00 households are in^ 
in such a way* that 42,000 are <co 
months, and 28,000 common to the same month across 
k a year This is in contrast/ for example, to the original 




itagesUO u^j 

s.enofmo,^^ 
each montff,' 
ion to successive 



1 (and perhaps su^se'quent times) they are asked than they 
* do the .first. Perhaps some purchase-can be gotten on this 
problem by growing away" the, 'first inteiView with" 
a respondent. The National Crime Survey, for example, 
uses the firsf interview for bounding purposes only, not 
for comparative purposes or as cross-sectional data. Thus 
* the first "rear* interview, (the second acAal interview-) 
*,is more like subsequent interviews than it i^tike the first. 
The severity of^anel biases, therr effect on measures of 
change, and the extent to which they continiferoyer time, 
in a panel will be matters for investigation as data'become 
• more easily available in longitudinal form, 

A.sepond problem is that when a family takes part in 
|[|^a survey' over time, differem family members may be 
It- interviewed on different occasions. In the discussion of 
using proxy respondents to, decrease nonresponse, we 
noted that some respondents report differently about 
themselves than about other famify members. Do sjich 
differences occur in longitudinal studies, and if so, what 
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panels of the National Longitudinal Survey (NLS, .also effect do they have on data analyzed longitudinally in 



often referred to as the Parnes.data), each oT which con 
tains 5,000 individuals. The breadth of the CPS would 
permit analysis ,by subgroups; this is not feasible from 
the smaller panels. The CPS , {or example, couia examine 
the employment experience for black women from the 
South in a particular age group, while NLS, would toaye 
too few people in such a specific category to carry out 
those analyses. , . r ^llT- 

In other senses, however, the CPS ? is^iT^ited 
length of time any given family is includes isbnly sixteen 
months. Further, in order to serve its primary purpose; 
the monthly collection of timely crbss-sectionat unem- 
ployment statistics? the CPS interview schedule must be 
kept brief in order to reduce nonresponse. Thus, the in- 
depth ciata available from special panel studies are not 
available from the CPS. 

* Some of this lack of depth of the CPS could be com- 
pensated for by supplementary questions that are asked 
once a year. (Thus eSach family would gfye two readings 
on eactf of these questions, spaced a year apart.) The 
supplementary' questions encompass such areas as job 
tenure and job mobility, marital and family character- 
istics, education and work experience, multiple job hold- 
ing and union membership, school attendance, and farm 
labor. CPS data files could also be supplemented by 
statistical Jtiatching, described below. A large number 
' ^of important policy issues could be better examined if * 
"these J>otentially useful files are made available for anal- 
ysis in longitudinal form. . e 
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OTHER ASPECTS OF LONGITUDINAL STUDIES 



Besides the challenges of organization of data files, lon- 
gitudinal studies present design 'and analytic problems 
as well. Evidence of what is called "panel bias" suggests 
that people answer questions differently the second time 



terms of familieS? In terms of individuals? 

Still another set of problems with longitudinal surveys 
involves attritio^i from the sample. If the housing unit 
is the sampling unit, but the family-is the unit of analysis, 
what happens when the family moves? What happens-: 
when part of the family moves, as when a grown child . 
Jeaves home, o& a marriage breaks up? What happens 
^^v^leh^a person dies? This problem has received little 
The^ : ^wntion from the Censu^Bureau because for their cross- 1 
; 'sectional purpose* the household is treated as the unit 
of analysis. Other large-scale longitudinal studies have 
answered these s questions in various .ways. The Health 
Insurance Study replaces families that move out of the 
area and hence becdme ineligible to participate wfth- 
"those who niove into the vacated dwelling. In oases of 
divorce and remarriage of both spouses, the "Health In- 
surance Study chooses one spouse-and follows the new 
fanlily, 'dropping the other spouse from the sample.* The 
Panel St$ly of Income Dynamics follows all members 
of the families originally interviewed in 1968, annually 
■ interviewing the head of every family that includes at. 

£ast one member of the original families. Jhus the sam- 
. pie keeps renewing -itself with'jiew generations. 

- Following individuals over a long span bf years can 
be particularly difficult, especially if there is a consid- 
erable Watus between interviews, but the success'ofre- 
cent studies suggests it can be accomplished. The secret 
seems to be telling the respondents that the study is a 
continuing one, and asking them fo givfc the names oT 
Several relatives or friends who would alw^s know how 
to reach them (Freedman, Thornton, and Caonburn, ■ 
•1980). This seems a good idea for studies dealing with 
such wholesome activities as famUy-building and career 
planning; problems of confidentiality might well arise 
if the issues were more sensitive. ^ % , 

What happens when a heretofore cooperativ^respond- 
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ent disappears qr refuses to answeF some or aH questions? 
The very longitudinal nature of the studies helps in the 
solution of such problems. Certainly imputation for item 
nonresponse (unanswered questions) can be moqe easily 
accomplished in longitudinal studies where there is prior 
' information about respondents. For example, estimating 
a respondent's income this month is easier if we know 
last month's incbm£ for th2t respondents Several inves- 
tigators have presented models that help deal with attiv 
tion from longitudinal' surveys, they first model the 
probability of attrition (or nonresponse or self-selection) 
based on respondent characteristics that are measured 
within .the context of the.survey. For example, a model 
ri}ighiku|gest t}iat the likelihood of moving, and hence 
being unavailable for jntervfewfng, increases with the 

-~fcX|>erience of having been the victim of a crime. Then 
they can attempt to adjust 'estimates of, for example, 
current victimizatipn or current unemployment for bias 

. caused by attrition (Heckman, 1976, J979; Hausman and 
'Wiser 1977; and Griliches, et ah, 1977). 

This problem of .attrition bias is a Special case of the 
more^general problem of "censoring." Someone who 
leaves the panel can, o( course, not have data observed 

v thereafter; stich farther data are said to be censored- But 
evenfwith an intact panel of "billing respondents, there 
are some pieces of data not available at any given time 

, for some individuals.' To illustrate: at whatever time we 
stop to make an analysis of amount of time spent in first 

c jo,b, thertj are some people who have never switched 
jobs; forjthem we can get no measure of how long the 
first job lasted except to ^ay mat it lasted at least froin 
the beginning of the job until the current time. The prob- 
lem is how to adjust for the censored observations in 
estimating the* average time sp$nt by members oflhe 
population in their first job. There has been a recent 
surge in development of methods for the 'analysis of such 
censored data* 20 

Problems of anonymity and confidentiality are espe- 
cially severe in longitudinal studies because individuals 
or families >must be identified in some manner so that 
they can be* followed over time. Several means of as- 
suring anonymity in longitudinal surveys have, however, 
been developed (Boruch and Cecil, 1*979): respondents 
may choose aliases and continue to use them; an agency 
or broker may act as an intermediary between respondent 
and^uyestigator, releasing only unidentified data to the 
invgsfigator; or an insulated "link file" system may be f 

"created. In this last case, data in the investigator's files 
are labeled' by arbitrary data-linking numbers, identifi- 
cations are kept in another file andjabeled with another 
set of arbitrary respondent-identifying numbers, and the 
only file linking the two sets of arbitrary numbers is held 
by an incorruptible fhird party. As successive waves of 
data arriy^, the investigator removes identification and 
relabels with the respondent-identifying set of arbitrary 
numbers, and ships the data to the third party who*. re- 

/ ' > ... 
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moves the respondent-identifying set of arbitrary num- 
bers artd substitutes the data-linking set before returning 
the data to the investigator — ponderous, but seemingly 
foolproof, and. well-adapted to reducing both unit non- 
response and possibilities of breach of confidentiality in 
longitudinal surveys. Organizations such as the National 
Opinion Research Center have used link file systems and 
find that it is crucial and understandably difficult to con- 
vince potential respondents of the inv40jability of the 
linkage system. 



SOCIAL EXPERIMENTATION 

t 

, Taking experiments out of the laboratory and into the 
field is not new, using them as instruments of policy and 
simultaneously as, sources of information about policy- „ 
is new. There has been a flowering of experimentation 
to investigate policy alternatives and a corresponding 
blooming of the methodology to carry out such experi- 
ments beginning in the earl>. 1960s. A standard definition 
of a social experiment states: 

By experiment is meant that one or more treatments 
(programs) are acfministered to some set pf persons 
(or other units) drawn at random from a specified 
population; and that observations (or measure- 
ments) are made to learn how (or how much) some 

' relevant aspect of their behavior following treatment 
differs from like behavior on the part of an untreated ltf 
or control group also drawn at random from the 

.&same population (Riecken and Boruch, 1974: 3, 
emphasis in the original). 

The 'random' in this definition is the hallmark of a 
true social experiment. If people are assigned to treat- 
ments at random (rather than by some other method such 
as self-Selection, first-come-first-served, or those judged 
to be most in need given preference, etc.), then several 
advantages accrue. First, standard procedures of statis- 
tic^Ljnference are appropriate for use.^\nd second, any 
differences found between groups at the end of the ex- 
periment can be, probabilistically examined to judged 
whether they result from the treatments or instead reflect f 
pre-existing differences between the groups that were 
related to whether or not they got treatments. 
, Controversy about' the necessity and feasibility of 
doing -such randomization has long existed., That ran- 
domization is* important is clear; when randomized and 
non-randomizad evaluations of programs (like the Salk 
polio vaccine tests) are run in tandem, 'often the* result 
of the non-randomized study is less clear andxompelling 
than thejesult of the randomized study (Boruch, 1975a; ' 
«see also Gilbert, Light, artd Mosteller, 1975). 

Thus it i$ not jtrue that non-randomized testing is 
cheaper and just as good as randomized experimenta- 
tion. 21 Nevertheless, Awhile true experimentation is the 
method of choice for drawing conclusions about public 
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policies and programs (as well as about other issues), 
and can be carried, out more frequently than it currently 
is, and than is often supposed, inferences must some- 
times be made from nonexperimental situations /That 
need c v an rise (among other reasons) from the pressures 
*0f time; expense, or ethics. When circumstances demand 
that investigators make do with data gathered from non- 
experimental situations, prudence; insists that special care 
Jt>e taken in the analysis 22 and in making inferential 
claims. Causal inferences are shaky at be$t, and alter- 
native explanations for results are always conceivable. 

The definition of social experiments stresses that peo- 
ple are drawn at random (via a probability sample) from 
a specified population — and this js an aspect of social 
expenments that differentiates them from laboratory fc ex- 
penments as usually performed in the social sciences, 
where frequent subjects are rats or college sophomores. 
If the purpose of a social experiment is to find out how 
pool* neople will react to an income subsidy, then the^ 
subsidy must be offered experimentally to poor people. 
This means" that the sampling techniques developed by 
survey researchers and statisticians are relevant to social 
■ experiments, as are the techniques for reducing orcoping . 
with nonresponse. Further, the observation, measure - 
.ments, responses, or outcomes one, wishes to examine 
are usually noCas clear-cut as they are in laboratory 
'experiments, where te$t scores or behavior counts (often 
computerized) are fairly straightforward. Social experi- 
ments have sought to measure program effects such as 
earned income, housing demand, utilization of health- 
care services, and distribution of use of electrical power. 
These complicated concepts are often measured using 
survey techniques, so the problems faced and knowledge 
gained in the study of nonsampling variability non- 
experimental surveys *rs equally applicable to social 
experiments. 

APPROACHES TO THE SPECIAL FEATURES OF SOCIAL 
EXPERIMENTS 

Both the advantages and the -special problems of social 
experiments stem from Aeir scale; that is, their length 
•and complexity. Besides the basic advantage bf precision 
of causal inference, social experiments generate rich'data 
* sets that provide opportunity for. detailed analysis and 
model fitting. When many variables are measured over 
long time spans, unanticipated results can be explored. 23 
Social experiments take a long time to run. Families 
do not usually react instaptaneously to an income sup- 
plement or other major program change. Thus, the in- 
come maintenance experiments provided support for 
three 1 or five-year periods, with one variation in Denver" 
actually running for 20 years (Ferber^nd Hirsch, 1979). 
An experiment monitoring the same people over this 
long a time falls into the category of longitudinal studies, 
ajid thus suffers from the probjems of these studies (e.g. , 



attrition and censoring of data) as w*ll as other problems 
related (6 its 'large scale. 

Attrition can be especially^jdamaging in an experiment 
if it is related to the treatment given. For example, mfyn- * 
bers of a control group or one receiving only minimal 
benefits from the experimental program may be more * 
likely to drop out than those receiving high benefits. 
(The entire control sample in one location of the Health 
Insurance Study w^s dropped because of lack, of coop- 
eration; see Ferber and Hirsch, 1979). Depending on # 
how this attrition is related to the treatments and char- 
acteristics of the participants, it may present problems 
in gauging the'effects of the treatments. 

Attrition and nonresponse are not the only reasons for 
missing data in such studies; some variable's are intrin- 
sically unobservable for some participants. For example, 
time until rearrest among parolees is not measurable for 
those who are not rearrested during the course of the 
experiment. Again, threshold models (e.g., Heckman, - 
1976; 1979) may be useful in adjusting for such missing, 
data in an experimental situation. This sort of adjustment 
was done in an experiment examining employment and 
earried wages of ex-convicts. The treatments were vary- 
ing levels of income supplements- (Ray, Berk, and 
Bieltfy, 1980?. These income supplements were esti- 
mated to have a greater positive impact on wages when 
the data were adjusted to account for those not working. 

Social experiments also require a great deal\>f time 
to plan and manage. An Experiment involving trial work 
periods for; recipients of social security disability insur- 
ance is an example. -As of the summer of 1979, a tepi 0 
*of researchers had spent two jrears in planning, setting 
budgets, designing' measurement devices, and negotiat- 
ing legislative* authorization. They anticipated another 
year of '.'facing the contracting processor outside data 
colleeti&'n services and working with Social" Security 
operational components in mounting and monitoring the 
experiments" (Franklin, 1979). These experiments/ the 
largest social experiment! ever undertaken, involving 
some 3p,000 people, have jiow been authorized. 

As a potential buyer examines a horse's teeth to val- 
idate the seller's claim of its age, so is a social experiment 
designed lo "look into the horse's mouth" and by im- 
plementing the proposed program on a c&ntrolled and 
relatively small scale, estimate the effects of a fully im- 
plemented program. There is a set of problems, however*, 
in that the "horse" looked at experimentally may not 
be precisely the same as the one that would be created 
if the program were, fully-implemented. These potential 
sources of bias are recognized*by experimenters working 
in the field, and efforts are being made to measure and 
control for them (Ferber and Hirsch; 1979). The first 
such Bi&s, attrition bias, has already been discussed. 
Second, people often behave differently when they are 
*■ in an experiment, simply because they know that they 
are participating in one. This is the well-known Haw- 
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thorne effect.- 4 Several social experiments have ad- 
dressed this problem b> including a control group that 
is hot measured at all until the experiment is either over 
or well underway, the people in this group thus do not 
*know they are in the experiment and their data at the end 
of the experiment provide a*baseline.for the measurement 
of possible Hawthorne effects. Thus in the Health In- 
surance Study , some members of the control group did 
not receive an initial physical examination until six 
months into the experiment. 

, Next, community effects arise if people's behaviors 
are conditioned by social norms that would not apply if 
the program were implemented fully rather than exper- 
imentally. For example, a " work ethic" might operate 
to keep people in the labor force during an income main- 
tenance experiment, but might cease to operate ifflncome 
supplementation were instituted community -wide Some 
progress in measuring community effects may come out 
of the housing allowance experiments Here one com- 
ponent, designed to measure the impact of housing al- 
lowances oh supply of housing, offers the pn$>ram to 
all eligible families in a housing market rather than a 
random sample of such families as is done iri another 
component of the experiment, designed to 'measure de- 
mand. Differences in behavior of families in the two 
component experiments may give an estimate of com- 
munity effects. 

Finally, when families know that the experimental, 
program will last only for a specified period of time, 
time horizon effects may influence tl\em to behave dif- 
ferently than they would if they knew that a program 
,were permanently in place. Attempts to, measure these 
effects involve varying the length of time that the ex- 
perimental program will run as one component of the 
treatments to which participants are randomly assigned. 
The income maintenance experiments varied in time 
from three to five years, and even assigned some par- 
ticipants to a 20-year treatment. Clearly, policy makers 
will not wait 20 years for the results of the experiment, 
but the behavior of the 20-yeargroup during the early 
years of the experiment ought to give some clues to the 
behavior of those for whom time-horizon effects do not 
operate because they expect the^program to be 4 'per- 
manent/ ^Both these time horizCn 'effects and the initial 
4 'start-up* ' effeolc'fpeople reacting rapidly, for example, 
to the treatment of a health insurance experiment by 
undertaking medical care that had been long neglected) 
lend themselves to analysis by the statistical models dis- 
cussed in connection with the virtues of longitudinal 
data. 

Large-scale social "experiment presents management 
problems to investigators. Not only are data collection 
procedures complicated by the enormous number of var- 
iables to be measured and kept tracl^ of during the long 
time period of the study, butuhe actual delivery of the 
treatments is a very complicated matter, often invoking 
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the experimental constitution of a complete social wel- 
fare agency. Thus problems of experimentation come to 
ipclude the coordination between the organization deliv- 
ering the treatments and the organization measuring their 
effectsy**^ • 

From these complicated management problems of so- 
cial experiments arise the twin probJems of assessing 
treatment strength and treatment integrity. In fact, when- 
ever an experiment is conducted there is a question of 
treatment integrity — whether the experimental treat- 
ments that are formally prescribed for subjects a$ ac- 
tually given to or experienced by 4 them. Th$re is ample 
evidence from the literature of social psychological ex- 
periments that they often are not. Experimenter effects 
indicate that experimenters tend to get the results they 
expect, while In the same experiment, workers with con- 
trary expectations, putatively using the same techniques, 
get contrary results (see, e.g., Rosenthal, 1966). Evi- 
dence on demand characten sties shows that subjects, 
trying to be cooperative, take cues from the experimental 
situation ttf develop hypotheses about what the experi- 
ment is trying to prove and then behave in a way they 
think will help prove these hypotheses (see, e.g., Orne, 
1962). Subjects in the social role of the experimental 

. subject tend to behave in a way that will, in some sense, 
"make a good impression 1 1 (see, e.g., Alexander and 
Knight, 1971).*, 

These problems are exacerbated in large-scale social 
experiments, simply Because theif. scale is so much 
larger. The treatments are more complicated to explain, 

. both to those administering.them and to those receiving 
them — and indeed may change operationally over time 
(actual cash transfers change from month to month in 
the income maintenance experiments depending pn earn- 
ings and "tax rate", payments in the health insurance 
study change" with whether thp "deductible 11 has been 
fulfilled). Responses are also likely to change according 
to <he participants' understanding of the treatment rather 
than the experimenter's intentions. For example, using 
respondents 1 understandings of the treatments in the 
Negative Income Tax Experiment produced estimates of 
the program's effect that were different from estimates 
based on what the "actual 11 treatments were supposed 
to be (Nicholsen and Wright, 1977). . „ 

On a less psychological plane, the issues of treatment^ 
strength and integrity are intertwined. Strength of treat- 
ment addresses whether an intervention is powerful 
enough to be expected to have some effect if it i$ applied 
as prescribed. Treatment integrity addresses whether the 
treatment applied apprbaches" its prescribed strength; ~ 
basically asking "What really happened?" Both issues 
shotfld be faced in the design and analysis of social 
experiments, though both arfe difficult and neither is cur- 
rently investigated routinely (Sechrest and Redner, 
1 978). One literature review found that of 236 evaluation 
studies examined, 22% did not measure at all whether 
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the program had been implemented according to stated 
guides (Bernstein and Freeman, 1975). 

Both issues have been addressed in the^areaof criminal 
rehabilitation. -Fffr example, the question onio^micli 
work release might be effective subsumes such questions 
as "When should work release be>gin?'\ "How long 
should it last?", "How good a job at what pay level is 
required?", "Will it be effective if it is in a community 
other .than the one to which the prisoner is likely to 
return?" Similar "How much?" questions can be asked 
about other rehabilitation efforts such*as job training and 
group counseling (Sechrest and Redner, 1978). While 
there are no<easy answers to these questions, the very 
^act of asking them bnngs„common sense and theoretical 
as well as empirical knowledge to bear on their possibly 
solutions (Sechrest, et^al., 1979). 

The question of treatment integrity — how much treat- 
ment was actually delivered — has been referred to as the 
third face of evaluation (the iirst two betng experimental 
design and measurement of outcome, Quav, 1977). In 
a setting of group counseling in a prison, questions about 
what was done might ask how often the groups really 
met, how good were attendance and participation, how 
meaningful was the discussion, how well were the lead- 
ers trained and motivated, and how much stability the 
groups maintained. When such questions were asked in 
one study (Quay, 1977) the answer to each was'"Not 
very. 0 Progress then, in methods for conductinf exper- 
iments as well as in substantive knowledge, is likely to 
be achieved by the routinized scrutiny of experiments 
beforehand for expected treatment strength and after- ^ 
wards for treatment integrity.^ 

.OPTIMUM DESIGN . ^ 

.Social experiments are expensiye in time, effort, and 
money. Including both transfer payments and costs of 
research, the income njaintenance experiments had cost 
about S70 million by 1975, the Health insurance Study 
was projected toxost approximately $50 million, and the 
housing allowance experiments about $200 million (Fer- 
ber and Hirsch, 1979). For this reason*it becomes cru- 
cially important to design them in such a way that the 
most knowledge possible is L gained from ^given ex- 
penditure. Methods of optimal experimental resign 26 are 
engineered to do just that. Let us look at the* income^ 
maintenance experiments as an example. Sets of partic- 
ipating families w.ere given different treatments in the* 
experiments. These treatments were varying, support 

-level of payments, defined as percent of the poverty 
level, and varying""tax rates," or the percentxrf e^iqigsf 
that was counted (ta\ed) against support payments, 
response measured was earnings during the experiment, 
expressed as a proportion of normal pre-experimentaj 
earnings. Also used as part of the basis for assignment 



to treatments was the pre-experimental income level ex- 
pressed as a percent of the poverty level (Conlisk and 
Watts', 1969). 
Traditional experimental design (see, e.g , Cochran, 

T97-8) would have chosen a set of support levels and'tax 
rates, with that choice perhaps based on considerations 

.of what differences between combinations would be of 
greatest policy importance. Traditional experimental de- 
sign would have randomly divided the families in a pre- 
experimental income stratum among the treatment groups, 
and then done the same with each additional stratum of 
families. The experimenter might well decide that certain 
treatment combinations wduld receive no families from 
certain' strata gr that certain treatment combinations 
would receive a disproportionately larga number of fam- 
ilies. Such decisions would be based on deliberate judg- 
ments about which higher order combinations of treat- 
ments and strata would be negligible in their effects on 
earned income and which would be especially important. 

This is £ very general and flexible design that makes 
no assumptions at all about the form of the relationship 
between the response and the treatments, nor, in its sim- 
plest form, about whether families that differ in pre- 
expenmehta* income will differ in their response to the 
treatments. It also does not take into account that some 
treatments (with higher support payments and lower tax 
tates) are \nore^expensive than others, especially when 
given to families with low pre-experimental incomes. :7 
If one is willing to make some assumptions about the 
form of the relationship between treatments and re- 
sponse, statisticians studying response surface method- 
ology 28 h'ave shown that one ctfn chodse treatment com- 
binations that are "optimal" — they will, in some sense,' 
maximize the information available from the experiment 
for a given budget. Alternatively, if the functional form 
is assumed and the logically possible treatment combi- 
nations specified, optimal allocation of families to treat- 
ments can be worked out (Aigner, 1979). This latter 
route was taken by'Conlisk and Watts ( 1969)jn designing 
the New Jersey Negative Income Tax Experiment, ifting 
an allocation model that took iftto account both the cost 
of the treatment and its policy importance. ^ m 
One problem with such optimal designs is that Jhey 
are usually optimal for the form of ftie relationship spec- 
ified; if that specification is wrong, then the design can 
be less good than one that makes fewer assumptions. 
Tbis problem can be grasped more easily in the context 
of a simple experiment involving only support payments 
as the treatment and earned income as the response. If 

^ tl\e relationship between support and earned income were 
believed to be linear, then some fraction (one half, other 
things being equal) of the available families would be" 
randomly assigned to the lowest support level contem- 
plated and the remainder to the highest. This procedure 
would be the most efficient for estimating the slope and 



intercept that fully describe the assumed linear relation- 
ship between support and income. If, however, the re- 
lationship between support and jncome is actually cur- 
vilinear (for example, if earned income decreases very 
slowly for low support levels but then drops off rapidly 
at higher levels), this design would be completely unable 
to describe the form of the curve. A design that assigned 
an intermediate support level to some families would be 
necessary to describe the curvilinear relationship. 

This sort of problem may indee3*have arisen in the 
New Jersey Negative Income Tax Experiment because 
few very poor people were assigned to the expensive 
treatments (because expensive treatments would have 
been even more expensive if applied to low-intfome peo- 
ple) Thus it was difficult to test the truth of the as- 
sumption that the effect of the treatments on labor force 
participation did not vary with pre-experimental income 
level (spe Archibald and Newhouse, 1980). A further 
problem is that any large experiment has many questions 
and goals. Optimality for one goal may be less than 
optimal for another. 

Aqother approach, a "finite selection model," starts 
out with the number of families to be allocated to each 
treatment already decided, and assigns, from the pool 
of available families, the most appropriate families for 
each treatment. Randomization can be easily introduced, 
and the computational, costs of the assignment process 
reduced considerably without seriously compromising 
optimality, by making each choice as the optimum from 
a randomly chosen subset of the available families. Some 
problems introduced 6y the possibly unbalanced designs 
arising from the Conlisk-Watts procedure are avoided 
in the finite selection model. The model was developed 
for the Health Insurance Study and used there and else- 
where (Morris, 1975). 

Halfway between the broad general purpose' traditional 
designs that assume little or nothing about the response 
functions and the highly specified optimal designs is the 
concept of EVOP (evolutionary operations) (Ijpx, 1978; 
tyadahsky, 1980). A small set of treatments is chosen 
and enough observations are taken to suggest both 
wjjether a simple model will fit the data and what changes 
ought to be made in the treatments in order to maximize* 
(or minimize) the response, (In the New Jersey Negative 
Income Tax Experiment, clearly, the aim would have 
been to find the treatments that maximized earned in- 
come.) -Then another small experiment would be run, 
either taking more observations in the original treatment 
region in order to fit a more complicated model, or chang- 
ing the treatments in order to move toward the maximum 
response, 

Any serious attempt to apply evolutionary operations 
to social experiments would certainly further increase 
the already long time necessary to obtain definitive re- 
v suits. Each of the small experinfents would have to run 
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for some time before its outcome could be determined 

for use in planning the next small ^xperiment.'But such 

an approach would be very useful in estimating the real 

responses to possible variations in policies, in the long 

run, jgule offering some interim results that could be £ 

useful in more immediate policy planning. 

A similarly sequential approach has been used to ex- 
plore educational alternatives for under-achieving Ha- 
waiian native children. Compared to EVOP as applied 
to large-scale social experiments, this project is much.' 
smaller in scale, use^ less fortnal and complicated sta- 
tistical technology, and admits more intuitive elen\ents . 0 
into its evidential base. But the basic idea of letting data 
from one phase of Jhe investigation formally shape the 
succeeding phase is similar, and the project has^yel- ^ 
oped an educational program that appears to work (Tharp 
and Gallimore, 1979). Perhaps the next tew years will 
see an attempt to apply real EVOP methodology to large- 
scale social experiments. 



USES OF ADMINISTRATIVE RECORDS 

As information demands become greater, it is natural to 
lqpk for sources of data' that involve less burden on 
respondents and lower collection costs- than those in- 
curred by surveys or experiments. The large sets of ad- 
ministrative records maintained by federal agencies (So- 
cial Security Administration, SSA, Internal Revenue 
Service, IRS, etc.) seem.to offer enormouT potential for 
statistical uses. 29 j \ff 



LINKAGE , 

Advantages could be realized by using jndividual ad- 
ministrative data sets themselves. More* might well be 
available if data on individuals or businesses held hy 
different administrative agencies or obtained by surveys 
could be linked into a file containing considerably more 
detail than that rftaintained by any single agency or avail- 
able from any survey. The 1973 Current Population Sur- 
vey-Administrative Record Exact Match Study did ex- 
actly that, creating an extremely rich dat^ file. Survey 
records for people in the March 1973 CPS were linked 
to their earnings, and benefit information in Social Se- 
curity Administration records, and to data Wm Jheij- 
1972 income tax returns. The file contains the usual CPS 
demographic and' labor force items, plus the March sup- 
plement questions on income and worfc experience, lon- 
gitudinal data on earnings from the individual's Sum- 
mary Earnings Record at Social Security, data on tax 
units' taxabje jrtcome from the Internal Revenue Service, 
and beneficiary status from the Social Security 
Administration. '* 
Major methodological difficulties tfad to be solved in 
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implementing this jtt 
are maintained for dii 



rocedure because the various files 



• ual covered worker; CPS uses the ^household, with in- 
formation solicited for each individual: andthe IRS uses 
the taxpayer, who may be an individual, a couple, or a 
family. These fyes are available for public use* an^f many 
substantive and methodological studies have used them. 
(See Studies from Interagency Data Linkages, 1980). 
Earlj^papers during 1975-78 dealt with methodological 
issues and cross-^tional analyses of income data: More 
recent studies are using the files to carry on mortality 
and disability research (see DelBene and "Sclfl^Uren, 
1979). Little attention has been paid to date totae lon- 
gitudinal aspects of the files, however. 

Two linkage projects on ^ much larger scale are now 
in the planning stage,. The first, the Linked Administra- 
tive Sample (LASS) project starts with the Continuous 
Work History Sample (CWHS) that has been maintained 
'by the Social Security Administration for over forty 
years. CWHS is a one percent sample of social sequnty 
accounts,' updated each year so that the file is a longi- 
tudinal one. (The CWHS has been available to outside 
researchers; the Tax Reform Act of, 1976 has foreclosed 
the release of informatiofi more recenUhan that date to 
the public, but the file continues to bd updated.) Over 
the years the file has been used for intwnal research at 
* the Social Security Administration to Kpp track of the 
characteristics of workers covered by SocS^&ecunty and 
how this population has changed with legislativechanges, 
arid it has been used outside of <3 SSA for research on 
workforce char^c^ristics, life-cycle earnings, and in- 
* dustrial and environmental health issues. The purpose 
of the LASS is to supplement th£ CWHS longitudinal 
data on earnings and benefit histories with mortality in- 
. formation from the National Center for Health Statistics 
and individual income tax items obtained from the IRS 
Statistics of Income Program. The long-term goals of 
this effort are to develops source of socioeconomic and 
job-related mortality and morbidity data whicji might 
eventually make possible the separation of ^residence and 
, occupation influences on health; to construct baseline 
data on income fowsmall areas to measure the impact 
of changes in tax policy; and to study regional labor 
market conditions. 

The , Survey of Incom* and Program Participation 
(SIPP), a longitudinal survey nouyn its experimental 

\ stages, uses administrate records as frames for sam- 
pling recipients of programs of income supplementation 
such a$ Aid to Families with Dependent Children or 
Supplementary Social Security benefits/ These admin- 
istrative records will also be,matched to the survey results 
\y enrich the data and used 'as a control to study the 
accuracy of reporting of income by, those surveyed, thus 
. adding to knowledge of response errors. Tfie eventual 
aim of SIPP is to support policy analysis of a wide range 
of Federal and State transfer and service programs. Pub- 
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lie use data tapes are envisaged iste Griffith and Kas- 
*p£yk, 1980). 

OTHER ASPECTS OF THE USE OF. ADMINISTRATIVE DATA 

, There are several problems in the use of administrative . 
data for statistical purppses. One is that data collected 
by an administrative agency as a by-product of its^ nec- 
essary data collection activities are probably less accurate 
than t^e primary data. Agency priorities usually involve 

4 carefully refining and monitoring the data that" are nec- 
essary for programs of that agency, while fewer resources 
are invested in caring for pieces of information that are 
less important for the agency itself. Thus, for example, 
some 11% of the workers in the one percent CWHS were 
found to be miscoded on location of work (Cartwight, 
1978). For purposes of recordkeeping in SSA, what 

1 matters is the employer for whom the employee works, 
" not the location of the work. This presents no problem 
when an employer has only one place of business, but 
problems arise with a multi-establishment employer and 
a system, of optional reporting of place of employment 
Problems of a similar type will exist whenever files from 
different agencies are linked as long as definitions of, 
variahles are not the same across agencies; advances will 
occur when definitions are standardized. 

Legal and ethical problems also exist in the use of 
administrative recordstfor statistical purposes. There are 
legal restraints and confidentiality rulings that differ 
across agencies. With certain exceptions, the 1976 Tax 
Reform Act makes it illegal for the IRS to release data 
except for purposes of tax administration. OtWfcgencies 
are governed by comparable legislative requirSnents for 
confidentiality; in the development of the Linked Ad- 
ministrative Statistical Sample (LASS), inconsistent reg- 
ulations are reconciledtby attencting to the more stringent 
of the t\vo. \ 

The principle of "functional separation" of dat^for 
statistical and administrative uses has* been proposed to 
deal with confidentiality problems (Alexander, 1979). 
Under such *a principle, data that are to boused for 

. statistical, purposes may flow from administrative. agei> 
cies; there is to be no reverse flow. It is also*useful to 
recognize the difference between natural persons and 
other legal entities in their needs for confidentiatft^Fed- 
eral Committee on Statistical iyfethodology,fSubconi- 
mittee on Statistical Uses of Administrative Data, 1980). 
A 'continuing problem is that files created for statistical 
purposes offer the nightmarish possibility'of corruption; 
solutions may lie with the insulated 4 4iqk-file M system 
xjiscussed earlier under longitudinal surveys. 

One other objection to the use of administrative rec- 
ords for some statistical«purposes is that when they are 

. ■ used for program evaluation they may be distorted in 
order to present a mc^e favorable view of the program 
(Campbell, 1979). ^Pfius, for example, when the success 
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of a job placement program is evaluated by the number 
of placements made, Jhere is a tendency to concentrate 
efforts on the clients easiest to place. Similarly, when 
the performance of a police department is measured by 
percentage of cases cleared, crimes may not be recorded 
when they are reported But only when and if they are 
cleared. 

An exciting development related to the use of admin- 
istrative records grows out of the literature on imputation 
for misSing data. The linkages between data sets dis- 
cussed above operate, through the use of such identifiers 

^a^socialsecurity numbers, to link data related to the' , 
same iniividuaroTfemily from the files of two separate 

- administrative agencies- This is called "exact match- 
ing." There is also a concept of "statistical matching" 
(Radner, 1978), where a single data set is created from 
two sets* x that do not refer to the same people, in order 
to create a more comprehensive or accurate set of vari- 
ables. This is usually done between a household sample 
survey and an administrative (e.g., tax feturn) sample, 

, or between two surveys. Matching variables are chosen, 
in the same sorts of ways as adjustment classes are con- 
structed for imputing missing values, and the closest 
' match, in some sense, for each member of one file is ' 
chosen from the members ojf the other file. The fifes are 
then merged and the matched data can be treated as if 
they were measured for individuals for some analytic 
purposes. 

The worth of such a synthetic data file rests on the 
* * similarity of definition and error structure of the matching 
variables across the original files. Statistical matching 
is a potentially rick and useful source of detailed data, 
* but the accuracy of estimates made from such files re- 
mains to be explored. One proposed method for this 
exploration, reminiscent of methods proposed to evaluate 
' imputation methods, starts with making estimates from 
a complete cftta file which is then artfficiajly broken 
apart. Various methods of statistical matching could be 
applied to the fragmented file* and the estimates derived 
from the statistically matched files compared with each 
other and with those derived from the original complete 
file (see Federal Commitiee on Statistic^LfVlethodology, 
Subcommittee on Matching Techniques, 1980). „ 



AND THE FUTURE? ( 

♦ r 

Having examined some of the recent advances in meth- 
ods for large-scale surveys and 1 experiments, i(t are per- 
i haps in a position to see what, gave rise to such inno- 

' vatjpqs and thus Jo anticipate what will stimulate the 

innovations of the next several years if not what such • 
innovations will b'e. 

* The availability of data has a tendency to generate the 
1 new techniques suitable.for their%nalysis. We have sefen 
liow publicly available longitudinal data files have al- 
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ready stimulated The application of mathematical models 
to increase bur ^understanding of processes. As more 
longitudinal data are accumulated, new statistical and 
computational methods will be developed for their or- 
ganization. As they are organized longitudinally and 
made available to researchers, we can expect to see fur- 
ther advances in models and methods for their analysis. 

Similarly we now have large archives of survey data 
collected using multistage stratified cluster sampling 
techniques, but most of our methods for analyzing these 
data must squeeze them into a mold designed' for less 
complicated stratified samples. There is a need to de- 
velop analytic methods tailored to thfse complicated * 
sampling designs, and a parallel need to experiment with 
sampling designs that \md themselves to'analysis using * 
available multivariate methods. 

Available data 'coupled with policy relevant results 
from their analysis seem to constitute a particularly po- 
tent force in stimulating creative reanalysis, scientific 
controversy, and methodological progress. Reanalyses 
of the evaluation of Head Start programs inspired criti- 
cism of some widely used techniques of statistical ad- 
justment and gave impetus to the development of new 
quasi-experimental designs for the accomplishment and 
analysis fl of such evaluations (Boruch, 1980; Cook and 
Campbell, 1979). As results of some of the current large- 
scale studies accumulate, they will inevitably create con- 
troversy and innovation. 

We have seen that methodological techniques have a 
transferability. Experimental design was developed in 
agriculture, adapted to laboratory experiments in the 
natural and behavioral sciences, and ^pted again to the 
field situations that are social experiments! But at each 
^adaptation new problems were faced; their solutions con- 
stitute some of the methodological advances chronicled 
above. If we <jan see new fields for experimentation, we 
can perhaps anticipate m5rh<g$iological developments. 
Energy consumption, conservation, and conversion cofne 
readily to mind as areas of focus for policy discussion. 
Although few experiments have been mounted in these 
areas (the Los Angeles Peak Load Electricity Pricing 
Experiment is a notable'exception), they seem ripe for 
information seeking to inform policy. Moreover, there 
is movement toward involving social scientists other than 
economists in understanding these aspects of energy 
(yide a committee formed by the National Research 
Council on the behavioral and social aspects of energy 
consumption). This combination of a relatively unex- 
plored field and some novel points of view may postf 
new problems and result in methodological innovation. 

The very policy relevance of the issues addressed by 
large-scale surveys, and experiments inspired and 
should continue to inspire innovation through the com,- 
munication of results. Complicated methodolQgical tech- 
niques may be discussed elliptically between involved 
professionals, sometimes with little examination of the 
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underlying assumptions and thejr implications for con- 
clusions. When, however, the results of policy-relevant 
jresearch must be discussed with policy makers and the 
general public, and the question "How do you know?*' ♦ 
responded to, careful explanation in. understandable 
terms becomes crucial. Such explanation can lead to. 
better understanding of the^strengths and weaknesses of 
techniques, and to their revision.^Similarly, attempts to 
communicate results have been contributing factors to 
the recent renaissance in statistical graphics (e.g., Fien- 
berg, 1979). This renaissance, in'tufn, has inspired pro- 



grams of developing and evaluating the effectiveness of 
innovative graphic displays^ g.\ Kruskal, 1980; Wainer 
and fcrancolini, 1980): • 

• The process is a disorderly cumulation; to meet a jkr- 
ceived need fo^ information or to cope with available 
data we use or adapt .methods from the scientific ware- 
house. This attempt to transfer methods and/or the dis- 
covery of their flaws leadrto improved methods and the 
generation of new data. These are then available in the 
scientific warehouse both to stimulate and to be used in 
the ne.xt cycle of information seeking. 
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1 . Thanks are due to a great many people for enormous amounts of 
assistance during the preparation of this paper First of all the Review 
Panel who commented inspinngly through interminable iterations of 
outlines and drafts. William H. Kruskal, Stephen E Fienberg, Norman 
M. Bradburn, and Richard A Berk~ Officers and staff at the Social 
Science Research CeuncU wcre«ajso unstinting in time devoted to 
intellectual guidance and moral support. David L Sills, Peter B. Read, 
Kenneth Prewitt, and Roberta Balstad Miller. In trying to describe the 
cutting edge of research I had to depend in large part on the willingness 
of investigators tb share their work-iri-progress and a great many people 
responded" generously, too many to list here but the blanket nature of 
such thanks should not be read as a detraction from its warmth Many 
friends and colleagues with no official connection with the project gave 
generously of their time to explain and instruct in their areas of special 
competence and to make comments on various drafts (several of these 
people might well be considered honorary members of the Review 

„Panel). Eugene Weinstem, Kathenne Wallman, Charles Turner, Wen- 
dell Thompson, Edward Tufte, Frank Stafford, Charles Smith, Burton 
Singer, Merrill Shanks, Karl Schuessler, Frederick Scheuren, Gordon 
Sande, ( Ingram Olkin, Frederick Mostejler, Susari Miskura, Albert 
Madansky, Richard Link, Michael Kagay, Edwi* Goldfield, Jonathan 
Cole, Robert Boruch, Albert Biderman, Barbara Bailar The errors and 
infelicities, of course* are my very own. Linda D Anderson performed 
miracles of typing, both in speed and in beauty. 

2. The American Statistical Association has recently published a 
booklet entitled What is aSurvey? that clearjy explicates the variety, 
purposes, and methods of basiC survey research. (See Ferber et al., 
1980.) * 1 » f ' 

3. Useful catalogues of designs for quasi-expenments and the par- 
ticular threats to validity they defend against have appeared widely in 
jhe literature. See, for example, Campbell and Stanley (1963), Gamp- 
tell (1978); and Cook andtTampbell (1979). 

4. A glossary of terms used m discussion of nonsampling errors has 
been prepared,, as have several excellent reviews of the literature and 
bibliographies in recent years (for example, Sudman and Bradburn, 
1974, Bailar, 1976; Bradburn, 197% Dajemus, 1977a,^1977b, 1977c, 
KahnandCannell, 1978, Deighton etiuV, 197$ Mosteller, 1978), often 
in connection with conUnuing programs on research on survey meth- 
odology. A special issue of Sociological Methods and Research on 
survey design and analysis concentrating on errors in surveys appeared 
in November, 1977. Two panel? sponsored by the Committee on Na- 
tional Statistics of the National Research Council are at work in the 
general area. 

5. The panel on Survey-based Measures of Subjective Phenomena 
of .the Committee on. National Statistics plans a further review of the 
literature on* response sets.- ' _^ 

y . - ■ ...... 



6 Some have argued that the technique is confusing to both inter- 
viewers and respondents/ and'it is certainly true, that it reduces the 
sample size by soliciting answers from only a fraction of the respond- 
ents. While the evidence on its efficacy is not conclusive, in 16 studies 
that compared randomized response with some standard,, nine showed 
a notable reduction in response error (Boruch and Cecil, 1979) An 
important issue is that when the percent of people engaging m the 
sensitive behavior is small, the technique seems sensitive to reporting 
errors in the innocuous question (Shimizu and Bonham. 1978) 

7. Sudmah and Bradburn (1974) provided a detailed review, as do 
Kaltortan3Schuman(1980) 

8 The^project is being encouraged by the Panel on Survey-based 
Measures of Subjective Phenomena of the Committee on National 
Statistics of the National Academy of Sciences/National* Research 
Council 

9 A conference on Computer-Assisted Survey Technology, spon- 
sored by the National Science Foundation and organized by J Mcml 
Shanks and Howard E Freeman was held in Berkeley. California in 
March 1980 Proceedings should appear sometime in 1981 with the 
title The Emergency of Computer -assisted Survey Research 

10 See, e g., Bailar, 1978, Morns, 1979, Brewer and Sarndal. 
1979, Little and Rubin, 1979, Kalsbeek, 1980. 

1 1 Demmg (1978) presents properties of this estimator andseveral 
related ones \ 

12. Ranking ral^estimators, a somewhat different technique (Dem- 
ing and Jstephan, 1940), adjust for strata much finer than the ones for 
Which outside data are available and so must start by estimating the 
"outside information" for these strata Tfii? estimation uses methods 
of iterative scaling also used in other sorts of analyses oT cross,-classified 
data (e.g , Bishop, Fienberg* and Holland, 1975) The estimated out- 
side information is then used as part of a ratio adjustment for that 
stratum. Oh and Scheren (1978) haveydffered a multivariate version 
of theVaked ratio estimator. 

13. The'se are published in Aziz and Scheuren (1978), as well as in 
•the Proceedings volumes for that meeting. 

' 14. A preliminary version Of the proceedings has appeared (Panel 
on Incomplete Data, 1979) The final proceedings volume and the 
remainder of the reports of the Panel are scheduled to go to press in 
1981. * 

15. Other approaches to the modelling of measurement error than 
that implied by the concept of total survey error are of course possible 
and have teen suggested For example, an approach using a set of 
structural equations to model the relations between a group of questions 
that -all pertain to the saftie underlying concept, each measuring it 
1 imperfectly but together capturing most of its richness, is now widely 
used. (See Joreskog and Sdrbom, 1979, for a clear exposition of this 
approach and an enlightening application, see Kohn and Schooler, 
1978.) 



1 



16 This is the work of the Subcommittee on Nonsampling Errors of 
the Federal Committee on Statistical Methodology. 

17. The research on the relationship between forgetting and tele- 
scoping (Sudman and Bradbum, 1973) is relevant here, and there also 
ought to be consideration of the virtues of irregularly spaced interviews 

18 Another, less substantive but beautifully explicated application 
°f £ con tinuous time*model appears in Singe r and Sp ijerman ( 1 977 j 

19 For example, the National Longitudinal Surveys of Labor Force 
Exfxnence sponsored by the Labor Department (Bielby, Hawley, and 
Bills, 1977), the Annual Housing Survey sponsored by HUD (Bev- 
endge and Taylor. l£80), the Panel Study of Income Dynamics (Mor-. 
gan, 1977), and some jjahs of tjfe National Crime Survey sponsored 
by the Law Enforcement Assistance Agency (Reiss, 1980) are now 
usable longitudinally. 

20 A basic reference is Cox, 1972, a recent brief review of the 
literature is Moses. 1978, and detailed technical expositions are given 

\by Kalbfleisch and Prentice. 1980, and Elandt-Johnson- and Johnson, 
1980 
21 This and other contentions about -the infeasibility of random 
fxperynents are listed and refuted by Boruch (J 975a) 

22 Analytic techniques have been 'explicated recently bv Reichardt 
(1979) and Anderson etal (1980) J"^^^« 

23 Recall the serendipitous finding that income maintenance in- 
creased the rate of marital dissolution of the supported groups 

24 Recent reexamination of the data from the Hawthorne expen- 
' menis suggests explanations otherthan the eponymous effect account 

for the startling rise in productivity of the workers in the experimental 
room with every change in working conditions, even deleterious ones. 
Even i[ the Hawthorne effect did not occur at the Hawthorne factory, 
however, it has certainly occurred elsewhere 

25 Several sets of practical advice have appeared (e g , Riecken 
and Boruch, 1974, Archibald and Newhouse. 1980). 

26 See Aigner, 1979, for an excellent discussion 

27 The flexibility of more complicated traditional experimental de- - 
sign is well illustrated in a redesign proposed for the Kansas City 
Preventive Patrol Experiment. Here design provisions would allow 
evaluation of treatment integrity which might be jeopardized when 
patrol cars from beats where manpower was experimentally increased 
crossed to beats where manpower remained the same See Fienberg, 
Lamtz, and Reiss, 1976 

28 Bibliographies are supplied by Hill and Hunter (1966), and 
Herzberg and Cox (1969) * 

29. In 1977 the Federal Committee on Statistical Methodology 
formed a subcommittee on Statistical Uses of Administrative Records 
The report of that subcommittee, now in draft fbrm^ looks at achieve- 
ments, prospects, and problems in the use of administrative data for 
statistical purposes (See Federal Committee on Statistical Methodol- 
* ogy, Subcommittee on Statistical Uses .... 1980)/ 
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David L. Featherman 



. X 

SUMMARY 

Behaviorafl scientists in several disciplines have adopted, 
a new perspective oh|mman development, a perspective 
which emphasizes that developmental changes in behav- 
ior and personality occur throughout the life* span and 
can assume a new configuration for each group of age 
mates. The life-span approach asserts that development 
is as possible among adults and the aged as .among in- 
fants, eveirtthough the nature of development and the 
rfctes oY change may differ at different ages. 

Cilirent resea^i in social stratification, social mobil- 
ity, psychometrip intelligence, and family history is used 
td illustrate the- usefulness of the life-span perspective 
for investigations of human development. Sociologists 
and economists are'studying^how inequalities and dif- 
ferences in wealth, social standing, intellectual perform- 
ance, and cultural tastes are transmitted from one*gen- 
erltion to another. Psychologists are reexamining basic 
assumptions abotit the predictability of cognitive an4 
intellectual stability throughout adulthood and about the 
decline in ability during old age. Individual variation in 
patterns of intellectuSh development and potential for 
change^ is much greater than previously realized. His- 
torical stMes in family history are discovering ne\fc con- 
tinuities ai(d discontinuities. Sucn research is focusing 



on individual psychological development; on the influ- 
ence of changes in familysSize, composition, and indi- 
vidual development patterns on the character and quality 

\ of family life; and orf the ability of childrerf to affect 
their parents' development. 

The life-span approach Js altering^the framework 
within which a number of issues of public concern are, 
cast and discussed. The approach argues that each suc- 
cessive -age group may require different *attention at the 
policy level (e.g., the current elderly population is hetter 
educated, healthier and longer-lived, and perhaps more 
economically sound than previous ones). One of the im- 
plications of this research rs that we may be moving 
toward an age-irrelevant society^ and that policy makers 
may begin so make decision about social needs and 
social programs (e.g. , social security) on the basis of the 
individuals' needs, functional capacities, etc., rather 
than their age. The possibility of change throughout life 
has dramatic implications for education. Not only will 
continuing adult educational programs become more val- 
uable, but an early investment in an education for a life- 
time Career may no longer be advisable. More broadly, 
programs for each age group should be designed to max- 
imize potential at that age (e.g., childhood programs 

'^should not be designed wj|h a vfew toward the child 
singly as an investment for adulth6od). 

■ ' , * 621 
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• Life-span research is challenging old vVa/s of tHinking 
'* about the course of human development, and a new be- 
havioraT "science of life-course processes — a new disci- 
pline—may emerge over the next decade as a result of 
this interdisciplinary social science research. At a min- 
imunj, the prospect over .the next five years is for closer 
collaboration Jmong the several existing disciplines (es- 
\ pecially psychology, sociology, history, economics, an- 
% \ thro'pology, biology) aimed at defining the limits'and the 
y potential /or change in the human condition. 



INTRODUCTION TO THE LIFE-SPAN < ' 
s ORIENTATION 

• ' Over the last decade, a convergence of orientation on 
human development has emerged within several social " 
and behavioral sciences. Known as the t4 life-span per-' 
spective" pn development and behavior, this approach. 

.reflect^many themes and propositions. Its essence, how- 
ever, is that* developmental changes in human behavior K 
occur from conception to death, and arise from a matrix 

,of biological, psychological, social, historical, and evo- 
lutionary influences and from their timing across the 
. » lives of/individuals. Scholarly and popular interest in the 
themes of this perspective have been intense .sintfe 1970. 
The popular pr£ss, for example, has absorbed the ideas 
.> of the "mid-lifi^risis" and life cycle ''passages"; there 
are, often articles aboutNhe implications of changes in 
lifeNtyle such^/dual careers, .the "empty-nest phase" 
of mariteH'Slationshfps, greater exposure to chronic dis- 
ease with increases in longevity, and the return of adults 
and senior citizens to College and university classrooms. 
Within thc-aoademic community tfyere has been spe- 
ciahzation of stutfy; e.g., the growth of life-span devel- 
opmental psychology; th& publication of monograph se- 
ries on life-span processes; and the organization of 
interdisciplinary conferences'by private and federal agen- 
cies that have explored both £ging t and development as 
life-long 'processes. 

BASIC JHEMES AND^ROPOSITIONS " * 

Theftnuitidisciplinary study of life-span development that 
has emerged is an orientation toward constancy and 
change in personality and behavior JVom birth to deat|j. 
This approach is not yet a toherent thpory with-explicit 
hypotheses that can be addressed in empirical research. 
Instead, the recognized, consensus is more of a model, 
paradigm, or world view; 2& such, it consists of rather 
general statements that gui'de more explicit theoretical 
thinking, the direction ^of research, and social policy 
related to'Jiuman development. 

Nevertheless, the.pmdigmatic themes that have 
emerged from the s^eral!disciplinary influences* have 
already generated a few propositions. These themes-and 

. erjc . ' f • '"' . ni 



^nfmi^es reflect a reinterpretation of old evidence about 
child and adolescent growth, r^w findings from longi- ^ 
tudinal research among the 'lives of several birth cohorts 
now entering late adulthood, an^ intervention studies 
among the 'aged. The thematic statements are challenges 
to conventional thinking and guides td* future research. 
They can be summarized succinctly as follows^ 

(1) Developmental change occurs over the entire course 
of life; it is synonymous with aging in the broadest 
sense. Aging is not limited to any particular time of 
life; neither is development. 

(2) Developmental changes in the course of aging reflect 
biological, social, psychological, physical, and his- 
torical events. 

(3) The multiple determinants of constancy and change 
in behavior and personality express their influences 

* interactively and cumulatively, defining life event 
or life history trajectories. 

(4) Individuals are agents in their ow t n development. 
Life histories are transactional products of the di- 
alectics .among the multiple determinants of devel- 
opment and the motivated, selectively responding 

person. Genereflizations across persons 3 about con- 
stancies in human development especially through- 
out the last half of life, are few and difficult to 
formulate. 

(5) Each new birth cohort potentially ages through' a 
different trajectory oMife events, brought about by t 
the impress of SQ^idhistoricaf change and by indi- 
vidual reactions to it. -Historically constant gener- 
alizations about developmental changes in aging are 
fewer or greater as a function of the pace and di- 
rection of sociohistorical changes, l?e they evolu- 
tionary or revolutionary. 

? (6) Intervention efforts among the aged are effective in 
changing the course of development, even as they 
are in the young. Behavior and personality appar- 
ently remain more malleatile throughout >the full 
course of life than becomes apparent in common 
contemporary social and subcultural settings. The 
apparent plasticity %i manifest patterns .of develop- 
ment — untapped reserve or potential — suggests} a 
rethinking of research paradigms and social policies 

* that are predicated on conventional, essentially static 

* models of aging ^nd of stable and universal stages 
of development from childhood.through old age. 

.. • • 

These themes-and propositions are developed in the most 
recent multidisciplinary, edited collections: Life-Span 
Development and Behavior, Vol. I (Baltes, 1978) and 
Vols. 2 and 3 (Baltes and Brim, 1979; 1980); Aging 
From Birth To Death (Riley, 1979); and Constancy and 
Change in Human Development (Brim and Kagan, 
1980). (For a detailed discussion of the empirical bases* 
of these themes, see Feath^rman, 1981.) 
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HISTORICAL OVERVIEW 

Despite the apparent novelty of this perspectiye and the 
intellectual and popular interest it has evoked, the themes 

% and propositions that provide the»focus for these devel- 
opments have a long -history within the social and be- 
havioral sciences in the U.S. and abroad.' Only in "the. 
•last ten years, however, have they begun fo achieve a 
scientific base, in some instances through rndependent 
"discovery'* by two or more academic disciplines. They 
are part of a repeated consideration of the interrelatedness 
of change across individuals' life^ycles and social or 
institutional change. What is unique about the past .dec- 
ade is that its scientific activity has been extraordinarily 
productive in sharpening concepts, in suggesting hy- 

( potheses and empirical research, and in promoting long- 
range programmatic sfudy of the relationship between 
individual and social change within the boundaries of^ 
academic disciplines (e.g., psychology, sociology, his- 
tory, and anthropology) It has also been a period of 
sustained discussions across disciplinary boundaries /and 
of acknowledged convergences in certain points of* view„ 

_ optima^ research methodologies, and intervention strat- 
egies. Some have even speculated that what is emerging 
from the current discussions and programs of longitu- 
dinal research may provide the basis for a new academic 
discipline that would amalgamate and synthesize the tra- 
ditions of its parent disciplines (Riley, 1981:340). 

To~place^these achievements in /perspective arjd pro- 
vide a fneans of assessing their implications, this essay 
begins with a brief historical .review. It is organized by 
academic disciplines to highlight specific contribution^. 
This organization emphasizes the view of science as pro- 
ceeding normally .within disciplinary boundaries under 
the guidance of unique paradigms or metatheories and 
methods. The intense effort to transcend disciplinary^ 
backgrounds and to 'explore commonalities *in life-span 
concepts and methods is a distinguishing feature oY the 
last decade (and is not fully portr^ed by the disciplinary t 
histories). At the same time the several disciplines enrich 
these explorations of the life-span approach with their 

■ unique perspectives through the dialogues and dialectics 
they promote. „ » 

Psychology < ♦ * 

Psychologists have been among the most prominent pro- 
ponents of a life-spaa approach to the study of human 
development in the U.S. .One rfe^on is that thefuncla- l * 
mental research agenda of psychologists is the study of 
al! individual's behavior over time (i.e., Bakes, Reese, 
and Lipsitt, 1980). Although other disciplines, f.g., so- 
ciology and history, also study change, the unit of anal- 
ysis is frequently not the individual. This difference is 
fundamental for the life-span approach, as is' apparent 
in two other reasons for the intellectual cfcntrality of" 
psychology to this area; One is the refcofeiuzed impor- 
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tance of biological or organic substrata of behavior, e.g., 
enzymal or neural properties of behavior and^behavioral 
change (e.g., Rodin, 1980). Another is the theme of the 
active'organism as an agent in its own development or 
as the instigator of change (eje., Lemer and Busch-Ross- 
tvagel, forthcoming). In discfl^pes such as sociology and 
history, that typically study aggregate units of analysis, 
(e.g., social classes'or historical periods) biological and 
. soojobiological antecedents and consequences of change 
assume less central significance than in psychology. In 
addition, the individual is often cast as a relatively pas- 
sive entity in the course of social or historical change. 

Thus, the psychologist's focus on the individual 
change paradigm4>rovides an intellectual basis for the 
central role 6f psychology in initiating and integrating 
a multidisciplinary life-span approach to topics such as 
aging and human development. That approach empha- 
sizes the capacity of individuals ~of all ages to select, 
ignore, and modify "socializing' ' influences. It reflects 
a growing conviction that contemporary adults not only 
continue to develop but also become less similar to each 
pthCT is they grow older. 

A lift-span orientation to the study of human devel- 
opment has a long history in psychology. Reinert (1979) 
traces these roots to the philosophical writings and au- 
tobiographical reflections of Aristotle, Democritus, and 
'Augustine and other classical philosophers. Perhaps the 
most important figure during what Reinert calls the 
"preliminary period" was Johann Nikolas^Tetens 
(1736-1807), a German philosopher and experimenter 
in psychology. Tetens emphasize^ the 'importance of 
identifying general psychologicaTT^w^T behavior 
through naturalistic observation. He placed thcf^fc^Jyof* 
"developmental courses" of lives within the span from 
, conception to death and stressed the importance of en- 
vffonmental conditions (e.g., social, cultural) for, 
(fevctepment. ^ / 

' During (he '"formative period" (between the lite 18th 
and late 19th centuries), two Europeans played key roles. 
Fxiedrich August Cams (1770- 1808) .saw the course of 
' human development as a series- of stages, each flowing 
into the next and preparing the individual for what comes 
later in life. -He strived to establish a "general age- 
oriented science," but one in which age was not assumed 
to be a causal variable per se and in which historical 
context was an important facet of agfe-related behaviors. 
Caru^s life-span conception of development was not. 
supplanted as ah intellectual guidepost for over a century 
(Reinert, 1979:220). The other key figure was Adolphe 
Quefelet (1796-J874), whose methodological contribu- 
tions were as in^igrtant as the substflffve ones. He pi- 
oneered th£ use of cross-sectional agpy^is for th6 study 
of age-specific individual differences in development and 
^njphasized the necessity of longitudinal designs forthe 
analysis of intra-individua] change (and interindividual 
differences in these- changds). Quetel^t identified the 
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developmental importance of critical periods in the life 
span and showed empirically that historical events or 
periods could be asSociatedytfith changes in age (devel- 
opmental) functions. 

Despite a rich formative history, the emergence of this 
orientation, especially in American developmental psy- 
chology, has been rather recent. The first widely rec- 
ognized American textbook that espoused a life-span 
view, Life: A Psychological Survey, by Pressey, Janney, 
and Kuhlen; was published in 1939. Not until the post- 
WWII period wasOhe rubric "life-span" commonly used 
to differentiate an "age-irrelevant" developmental psy- . 
chology from the. study of developmental processes in 
the age-specific academic specialties such as child de- 
velopment or adolescent psychology that had formed in 

x the ^arly decades of this century. Research and teaching 
programs at the University of Chicago (i.e., Havighurst, 
Neugarten) and the University of Bonn (i.e., Thomae) 
were forerunners. In the 1960s and 1970s, several sym- 
posia at the University of West Virginia advanced the 
conceptual and methodological frontiers of the life-span 
orientation, and the symposia monographs helped to in- 

\ stitutionalize this specialization (Goulet r and Baltes, 
\ 1970; Baltes and Schaie, 1973; Nesselroade and Reese, 
1973; t Datan and Ginsberg, 1975; Datan and Reese, 
1977)?. 

It is likely that progress in life-span thinking about 
. development was arrested by several related factors. One 
was the intellectual dominance of child-focused devel- 
opmental psychology. This specialty area placed the pri- 
mary causes of life-long behavioral tendencies within the 
. childhood years. Associated wjth the hegemony of child 
psychology were conceptions of development that lim- 
ited the scope of developmental thinking. These con- 
ceptions — so-called "biological growth models" — as- 
sumed an end state (i.e., ^maturity) toward which 
development proceeds, sequential and irreversible de- 
velopmental changes, and universality of developmental * 
patterns across individuals. Placed against man£ behavr 
iors and psychological characteristics of children and^ 
adolescents undergoing apparently rapid quantitative and 
qualitative changes, (e.g., bodily growth, sexual matur- 
ation), these modes of thinking about general develop 1 - 
ment had considerable analytical utility. At the same 
time, the biological growth model did not, fit adult be- * 
havioral changes as well as it did children's. Some psy- 
chologists argued that adults do not develop .in the same 
sense as children and that the-domain of*developraental 
psychology (equating behavioral development with re- 
strictive, biological analogues), should be bounded by 
the age-related "stabilization" of behavioral changes in 
early oadujthood (e>g., Flavell, 1970). « 

One of the major influences on the shift in the defi- 
nition and causal explanation of development, that oc- 
curred in the 1960s arose from longitudinal studies of 
children initiated prior to WWII. Studies undertaken by 



the Institute of Human Development at Berkeley and the 
Fels Institute in Ohio were beginning to report the de- 
velopmental trajectories for their subjects who were 
reaching adulthood in- the f960s and 1970s. The avail- 
ability of these extensive longitudinal data motivated 
psychologists to address developmental issues over 
longer segments of life than had been customary. And 
the empirical findings about the relative pattern of sta- 
bility and change, predictability and discontinuity, 
fueled a controversy overJundamental perspectives and 
definitions (compare Kagan, 1980; Bl ock, 19 71; Thomae, 
1879; Sears, 1980). The data did nonconform to con- 
ventional* metatheories that had been relatively unchal- 
lenged and productive when applied to developmental 
•issues in childhood and adolescence and strong differ- 
ences in interpretation arose. 

An even stronger impetus to the "rediscovery* ' of life- 
span orientations may have come from gerontologies. 
Gerontology as a field of inquiry was itself evolvibg 
during the 1950s and 1960s when contributors such as 
Robert Havighurst, Bernice Neugarten, and James Birren 
beganjo articulate a psychology of aging. Gerontology, 
like other age-specific developmental specializations, 
was influenced by the dominance of^the biological 
growth model, although here the main focus was on 
senescence arid decline rather than growth and differ- 
. entiation. However, the orientation of the psychological 
♦gerontologies was by necessity rriucrr broader tRan that 
of their counterparts who studied children. The geron- 
tologists placed biological aging and behavioral changes 
in older adults within the context of cumulative life his- 
tories, linking contemporaneous changes with sequences 
and events over the entire life span. They* became as 
concerned with the emergence of novel behaviors in their 
older subjects as,they were with ones that could be con- 
strued as outgrowths of predisposing earlier experiences. 
They observed lkrge differences in the courses of aging 
and in behaviors among adults, and they sought expla- 
nation of this variation in historical Circumstances and 
^in chance occurrences such^as illnesses, accidents, and 
births of grandchildren that are more individualized in ' 
their impact. In short, the p^chology of aging encour-^ 
aged a. more contextualistic, historical approach to be- 
havioral, change and .development, a tendency encour- 
aged by'the interdisciplinary character of gerQntology as 
. a field of inquiry. (An excellent exarnpfe of such a con- 
textualistic approach to development is Urie Bronfen- 
brenner's monograph, The Ecology Of Human Devel- 
opment, 1979). 

A§ psychologists enlarged the concept of development 
to incorporate behavioral changes that were not ade-* 
quately descrjbed by the biological growth models they 
turned increasingly to the work of sociologists and his- 
torians for whom the context of behavior across^ the life 
span was a central focus/ The complementarity of.tte 
individual change-social change approaches encouraged 



cross-disciplinary collaboration and the emergence of 
common perspectives; one illustration is the series, Life- 
span Development and Behavior, begun in 1978 and* 
edited cuirently by Paul B Baltes, a d#velppmental psy- 
chologist, and O.G. Brim, Jr., a sociologist: This work* 
is but one of several- regent products^of the -emerging ( 
multidisciplinary interest in life-span processes that-rep- 
resents a blending of disciplinary influences, making the 
identification of unique contributions a difficult task. 

Sociology • - \ 

Unlike psychology, 1 no new life-span specialty has ' 
formed within sociology. However, the lack of many 
visible signl ef a new life-span specialization in soci- 
ology may/simply shfxw thaf, sociologists have not felt < 
the need to "rediscover" this orientation or to differ- 
entiate it from their longstanding intellectual concerns 
with "socialization" (e.g., Brim, 1966; Goslin, 1969) 
or "age-differentiation" (e.g., Cain, 1959; 1964; Riley 
et al., 1972; Elder, 1975). Indeed, serological schol- 
arship on aging from birth to death, amplified by contact 
with' psychologists and historians over the last decade, 
4m^ly-begttflHo4ap4he4ntellectual traditions o£a4atent— 
life-span approach within the subdiscipiines of social 
psychology, social organization and social demography. 

Progress toward a comprehensive integration of these 
traditions into a sociology of the life course has moved 
along three loosely coordinated fronts: <*he sociology of 
age stratification, socialization, and the social demog- 
raphy of the family. Artiong the more programmatic con- 
tributions toward this integration is the three volume 
work of Matilda W. Riley and her associates, Aging and 
Society (1968; 1969; 1972). They reviewed the nearly 
inchoate literature on age-related behaviors of adults in 
the middle and latex years, identified a series of concep- 
tual and methodological flaws, and presented a concep- 
tual model for integrating and promoting multidiscipli- 
nary research on aging. The Ril# et al. "age stratificatibn" 
model views persons as aging biologically and psycho- 
logically over the-entire span of life within an evolving 
social context. ^ t 

The age-stratification flipdekeniphasizes the social 
assets of aging in three respects. First, life-lbng aging * 
.reflects sequences of social positions, or trajectories of 
social roles and associated statuses and perquisites that 
have age : related features. F6r example, schooling in 
childhood and adolescence typically prececjes labor force 
entrance for American 'males, followed by marriage or 
parenthood. Second, soc&t positions catjy a burden of 
custom and.rules that prescribe behavior for their oc- 
cupants. These prescriptions mold and reformulate be- 
havior %nd personality as the person learns to perform 
and moves through sequences- of positions; also, they 
regulate thp flow or selection of persons into positions. 
Third,' both 'the patterns of bjplogical aging* and the se- 
quences of age-related roles themselves are subject to 
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change, for example, by secular improvements in nutri- 
tion or health care, by historical events such as wars and * 
depressions", or by evolving institutional changes like 
industrialization,' retirement legislation, or the diffusion 
of television. This last aspect implies that each birth 
cohort potentially ages jn a unique way. It also implies 
that in any given year in whieh the age differences in 
, a behavior or attitude are measured across a society's i 
population two kinds of differences are manifest: those 9 
arising from "normal" aging — i.e„ developmental pat- 
terns that are relatively invariant across historical time — 
and those reflecting the impact of unique historical ex- 
periences of persons born in different years. Both of . 
these^manifes.tations are abstractions, for what is actually 
observed is an interaction between cohort experience an$l * 
age. Finally, it implies that one way in which society's 
institutions change i$ through the succession of cohorts — 
the replacement of older persons by younger ones as 
carriers of a unique cumulative experience and outlook 
and with a unique developmental history. Thus, social 
change and individual (developmental) change are re- 
ciprocally and dynamically interrelated. 
— Tjie-xonce ptual framework developed by Riley and 1 
others reflects and .summarizes a broad scope of earlier 
literature on agirfg and life-course processes. For ex- 
ample, sociologists and; social demographers such as 
Cain (1964), Ryder (1965 >, and much earlier Karl Mann- 
heim (-1928; 1952) elaborated the Significance of gen- 
erational and cohort successions and flows through the 
society as major mechanisms of* social change and of 
ideological conflict. Sorokin, (1941; 1947J, Parsons 
(1942), and Eisenstadt (1956) focused on the age struc- 
ture of society and puzzled over the question of why and 
w^he'n age is used by a society as a means of sorting 
people into positions and as a device for allocating goods 
and services^much as social cl^fs or sex serve these 
societal purposes. Subsequently, others have elaborated 
the implications of ordered and disordfered flows of birth 
cohorts for the management of potential conflict by in- 
stitutions such as the schools and the economy (e.g^ 
Waring, 1975).- Some (e.g., Foner and Kertzer, 1978}* 
have attended to other cultural settings, principally th£ V 
Iiast African "age-set" societies where individuals not 
only experience life events in an age-related* sequence 6 
but also belong to a named group of like-aged individuals 
who make "life-stage" transitions as a group. These 
cross-societal comparisons have suggested culturally 
specific as well as universal patterns of aging and human 
development. This line of inquiry has provided a natural 
-link to an intensifying interest among anthropologists in 
aging as a life-long pfrocess.Ccf. Keith,. 1980). 

Finally, the effort by Riley, Neugarten (i.e. Neugarten 
and Datan, 1973), and other sociologists to artfculate the 
connection between the age-graded features of biological 
and sociocultural life events, on the orie hand, and his- 
torical and institutional change, oil the other, has linked 
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the life-span approach to other active areas of research 
on the society's organizing structures. For example, the 
age stratification model enables sociologists and anthro- 
pologists who study macro-socialbr institutional patterns 
of socioeco nomic inequality and -mobility to integrate 
ifieir research with that of social psychologists and de- 
velopmentalists studying micro-social change — i.e., 
changeover the course of individuals' lives. (See 'The 
Sociology of Life Chances" below.) These types of in- 
tegrations have fostered the "multilevel" character of 
lifespan research. 

• A second sociological tradition that is being tapped 
in integrating a sociology of the life course is sociali-, 

• zanon research. "Socialization" is a term used widely 
since the 1940s to refer to the complex processes 
whereby an individual learns and modifies the behaviors, 

• values, -and emotions that are deemed appropriate by the 
community and lafger society. In the mid-1960s, O.G. 
Bnm, Jr.'s conceptual monograph placed socialization 
within an explicit life-span orientation (Brim, 1966). .It 
differentiated the socialization patterns of children from 
those experienced by adults through the life cycle in 
terms of the demands placed upon the "learner," what 
was to be learned, and the learner's rob in the learning 
process. Brim thus reflected an orientation that had lain . 
dormant in social psychological writings alpou^ "cultural 
and personality" since the seminal research of W.I.* 
Thomas (Thomas, 1909;' Thomas and Znaniecki, 1918) 
and John Dollard ( 1 935), and tapped even more historical 
roots into the late 19th century (e.g., Giddings, 1897). 

At the same time, JohnJTlausen, a sociologist asso- 
ciated with the longitudinal Berkeley Child Guidance 
Study, elaborated a concept of life-long behavioral and 
personality chahge through a succession of shifts in roles 
and role sequences that comprised the course of adult 
life for persons in different •social classes" (Clausen, 
1972). Clausen (1968) also edited a collection of essays 
on the life-span nature of socialization, an enterprise 
sponsored by the Social Science Research Council's , 
Committee on Socialization and'Socjal Structure. This * 
work on the development of children info adulthood set 
the stage for several other empirical studies of adult 
socialization during the 1970s (e.g., Kohn, J969; Kohn 
and Schooler, 1973; 1978). Research on^dult sociali- 
zation was advanced by another SSRC Committee, 
"Work and Persoiiality in the Middle Years," founded 
in 1972 under the chairmanship of Orville G. Brim, Jr. 
ThiVgoup highlighted the middle years (ages 40-60), 
an area neglected.bjythe child.focus of much develop-' 
mental research and the focus of gerontology on old age. 
Likewise th'e focus on transitions between work and non- 
work roles and attention to phenomena such as the "mid- 
life crisis", emphasized the "continued development of 
the individual throughout y life and gave conceptual co- 
^ herence to the study of adult socialization. 
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By and large, however, socialization researches nor 
cast within a life-span perspective with sustained inten- 
sity by sociologists. American sociologists have viewed 
personality development as part of the agenda of chil£., 
hood and adolescent socialization — to reflect the tem- 
plate of social norms, cultural valties, and sanctioned 
behaviors of the collectivity as these are impressed upon 
the preadult. The dominant tendency has been to think 
of individual behavior in terms of\he functioning and 
persistence of society — socializing the child to assume 
his or her place in the social order— and therefore to 
^ emphasize commonalities in childrearing patterns that 
reflect themes of continuity (e.g^intergenerational per- 
sistence of values) and of consistency (e.g., correspond- 
ence between the "needs" 'or "functions" of society 
and the personalities* or attributes .of a society's popu- 
lation). (See Brim and Ryff, 1980; Brim, 1980; Elder, 
1975; and DiRenzo, 1977 'for insight into these trends 
within social psychology as a subdiscipline of sociol- 
ogy.) In part, this interrupted and episodic intellectual 
development is a consequence of sociology's lack o£ a 
well articulated concept of personality and of its inat- 
tention to mechanisms of personality change (develop- 
ment).Jn addition, socialization research up to the 1970s 
focused primarily on r$e transitiorts that were substanr 
tially correlated wjth' chronological ages — e.g., the 
"disengagement" or the retired elderly, entry into par- 
enthood — fending it a character not unlike the age- 
specialized approaches of developmental psychology up 
to WWII. The intensification of life-span approaches is 
* undoubtedly tied to the contact with life-span develop- 
mental psychologists in search of an understanding of 
"context" as well as to other institutionalizing influences. 

The third area in which a life-span orientation is taking 
form in sociology lie£ at tbe interface of social demog- 
raphy and social history. It is a longstanding practice for 
social demographers, whether sociologists, 'historians, 
or economists, to study birth cohorts as a way oY gaining 
insight into t the impact of secular change on fertility 
behaviors, mortality and health, iid migration— that is, 
on behaviors affecting the "demographic equation". The 
last decade saw the, diffusion of the cohort method of 
analysis ancl the application of a behavioral approach to 
the study of change into social or family history (e.g., 
Vinovskis, 1977). At the same time, sociologists study- 
ing the dynamic relation of social structure to personality 
had begun to probe its historical dimension, For exam- 
ple, Alex Inkeles and David Smith (1974) explored the 
complexities of contact between "premodern'-' man with 
the institutions of industrial society e.g., (factories and 
schools) to gain an understanding of how the personality 
traits we associate with modern mankind are elicited and 
selectively promoted. Glen Elder (1980) contrasted two 
cohorts of California childKfbgftP had experienced the 
economic and social disruptions^ the Great Depression 



at different points in their developmental histories, not- 
ing the Importance of historical events as major influ- 
ences on personality differences between groups "born at 
different times but also among persons ,within a given 
•cohort. These simultaneous intellectual developments 
came together in a series of cross-disciplinary research 
projects and monographs (Demos and Boocook/1978; 
Hareven, 1978) in which scholars viewed personality 
and family structure afc both a reflection and a modifier 
of historical change during the nineteenth century. ^6ee 
the subsequent section 'The Social History of Family 
Relations and Human DevelQpntent^") r 

Other Disciplines ' - 

A life-span orientation to behavioral change also emerged 
from the work of historians on family dynamics during 
industrialization in Europe and North America. Vinov- 
skis (1977) notes that multidisciplinary interest in the 
historical family altered the traditional methods and con- 
ceptual mpdels that historians used. For example, to 
recreate the structure ancl processes of family life they 
began to utilize quantitative data from censuses and vital 
records. Historical demographers such as Louis Henf^ 
(1956) and H. Wrigley (1969) used parish records, while- 
Peter Laslett\(1972) at Cambridge University recon-,, 
structed peindustrial family typologies from manuscript 
censuses. The latter scholarship revealed that conven- 
tional thinking about the large, extended family of prein- 
dustrial tftnes was mistaken. In fact,. family size was 
small, nuclear in form, and rather constant over time and 
.cultures. But this work was later criticized by Lutz Berk- 
ner (1975) and others: for its static approach to the 
family — in other words, for its lack of a dynamic? life- 
course, perspective. Research into the historical family 
also drew from family sociologists and the concept of 
the "family cycle" (Glick, 1947; Hill and Mattessich," 
1980). This work has attempted to understand the chang- 
ing role of the fajnily in terms of the interplay of the 
sociopsychological development ofjits constituents, the* 
developmental tempo of the family or household aggre- 
gate, and the penetration of historical events and secular 
changes. In effect, the new behavioral approach of social 
historians has con\e to be a study of the dialectieal re- 
lationships among individual time, social time, and his- 
torical time (e.g., Hareven, 1977; a similar set. of dis- 
tinctions about the various tempos of individuals' lives 
has been made by non-historians, e:g., Neugarten, and 
Hagestad; 1976; Klaus Riegei; 1979). 

Economists have a somewhat longer history of interest 
than historians in life-long behavioral changes, although 
their contijbutions to an emerging multidisciplinary con- 
ception of human development and social change during 
the last decade have been slight. This lack of influence 
is ratheV surprising, since the ideas that individuals .are, 
human agents of production and that investments in,hu- 
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man capital (e.g., skills and abuitirst'Sfecomponents 
of production are old ones (Marshall, 1948, see Rosen, 
1977, for a review of recent empirical research). A sys- 
tematic statement of human capital theory by Gary 
Becker (1964) prompted economists to develop theories 

r of "permanent" earnings, and to analyze life-time de- 
cisions about work and leisure as well as longitudinal 
trajectories of earnings. For labor economists, this life- 
. span approach was as revoli^tionary as were earlier de- 
velopments in life-time consumption decisions (Rosen, 
1977:4; see Stigler (1954) for a review of the history of 
economic research on consumption). Becker's (19^5) 
seminal writings on the allocation of lime to home pro- 
duction as well as to work in the conventional (paid) 
economy formed the core of the "new* home econom- 
ics," .an approach that has led to the reorganization 
university-based schools of home economics and m- 
" creases in their faculties of behavioral scientists trained 
in economics and child psychology. The empirical work 
in life cycle economics over the last decade has dem- 
onstrated a decidedly demographic character, for ex- 
ample, being applied to the analysis of fertility behaviors 
in connection With labor force participation (e.g., Eas- 

— teriir^ 4-980). ^Som<M3Gonomie^ritings on soe k 

also show evidence of a life-span orientation (e.g., Mo 
digliani, 1966; Heckman, 1974). This work casts the 
economic decisions of the parental generation (e.g., in- 
vestments in their own retirement security through time 
at work and savings, and investments of time in devel- 
opingahe human capital of their children) in terms of the 
expected behaviors of children when the latter are of 
working age and. the former are* in the post-productive 
years. 

Perhaps the lesser role of economics in influencing a 
life-span approach to behavior reflects the field's narrow 
focus on the optimizing, rational decision-maker and the 
relatively minor impact of "psychological economics" 
(Katona, 1975) within the discipline. (One exception to 
this observation is the 14-year study by James Morgan 
and -associates (e.g., Duncan & and Morgan, 1980) of in- 
dividual and family economic behaviors. These studies 
are rich in the behavioral and ^psychological data from 

. which life-span analyses can be executed,) Moreover, 
th& human capital drientation in labor economics takes 
a View of human development that contrasts with a cen- 
tral tenet of the life-span approach. Namely, these human 
capital theorists see the potentials for up-grading skills 

, or changing the competitive qualifications of workers in 

\ rather determinate age-graded terms. That is, workers 
(and their potential and actual employers) have a finite 

• range of years Cages) in which to invest in improving or 
altering their "stocks" of human capital. The range is 

~* limited according to the theoretical assumption— now 
being challenged by life-span research in other disci- 
plines — that capacities and interests to learn and to con- 
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tribute, productively to the economy are greatest in' the 
young and deteriorate after middle^age. If the corpus of 
emerging life-span research is assimilated by economics 
' over the next decade, one should see some reorientation 
of both theory and research within the human capital 
framework. At the same time, the quantitative formalism 
of this economic approach holds promising benefits for 
life-span research in other disciplines, as illustrated, for 
example by the influence of econometrics on life-span 
approaches to the study of social mobility apd inequality 
in sociology (see 'The Sociology of Life Chances" 
below). 

Anthropological research on culture and personality 
played a major historical role from the 1920s to the 1940s 
in sharpening the concept of socialization as used by 
sociologists and anthropologists (Clausen, 1968). These 
studjes were rooted in the influence of Franz Boas, pri- 

T manly through his students, Ruth Benedict and Margaret 
Mead. Benedict's (1938) paper on continuities and dis- 
continuities in cultural conditioning conveyed a life-span 
theme in characterizing the synchronies and asynchronous 
between biological changes in individuals over the life 
cycle and the demands of culturally scheduled shifts in 
roles, responsibilities, and expected abilities. Edward 
Sapir (1934) was among the first anthropologists to em- 
phasize the reciprocal relationship between personality 
and culture — to view personality as a transducer of cul- 
tural influences rather than as the passive expression of 
them. This view contrasted with the major theme of 
cultural continuity and the emergence of modal person- 
alities within cultural contexts that mirrored the neo- 
Freudian psychoanalytic influence of Abram Kardiner^ 
(1939), even though the latter introduced an explicitly ' 
inter-generational linkage into the 'relationship between 
personality and the social system. 
. Culturally defined stages of the life cycle have been 
used by ethnographers to brganize and describe cultures. 
And a subdiscipline of anthropological gerontology has 
emerged since WWII in which the roles, statuses., and 
treatment of old people is the focus in both cross-cultural 
comparisons (e.g., Simmons, 1945; Cowgill and Holmes, 
1972) and domestic studies (e.g., Clark and Anderson, 
19)67; Myerhoff and Simic, 1978; Keith, 1979). This # 

, body of work has served an important "debunking" 
function, showing how North American conceptions of 

• the behaviors of the elderly may be culturally specific 
and not an inevitable feature of biotogical aging. An 
excellent example is Jhe challenge .to Cumming'and 
Henry's (196b) "disengagement'.' hypothesis. Psycho- 
logical and social withdrawal by the elderly — the lack 
of vitality, intellectual activity, and independence — aife' j 
not universal behaviors, even among all North American 
ethnic groups (e.g., Kiefer, 1974; Vatuk, 1980; Cool, 
1980). ' 

Valuable as this anthropological work has beep as a 
corrective on ethnocentric perspectives and as a sfiarp- 



ening influence'on conceptual thinking: until recently \W 
has not manifested an explicit life-span orientation. That 
is, an "anthropology of age . . . is barely being orga- 
nized" (Keith, 1980). However,' anthropological- re- 
search *on age as a basis of social organization is now 
underway. For example,*culturally defined markers such 
as puberty, marriage of the first son, or death of a parent 
are being studied for their use as scheduling signals for 
transitions from one "stage" of life to the next — (e.g., 
Stewa*, 1977; Foner and Kertzer/ 1978). Other work 
focuses on individual differences in the course of aging 
and human development within a culturahsetting (e.g., 
LeVine, 1978), and on the capacity^of older persons to 
crfeate cultural norms for age-relied behaviors through 
innovative formation of "senior citizens" communities 
(e.g., Rosow, 1976). „° % 

It seems obvious in retrospecHhat the broad and dif- 
fuse historical roots of a life-span approach to behavioral 
change' and development within ^s&veral of the social • 
sciences might have prompted cross-disciplinary schol- 
arship. Initial realizatipnV this pojsntiaF v?i^in the last 
decade has beep aided by the institutionalizing activities 
of private foundations, interdisciplinary professional or- 
ganizations, and federal mission agejp'm. What has 
emerged from this synergism of influences both inside 
and outside the academy is nof yet a theory with explicit 
hypotheses that can be addressed in empirical research 
Instead, the recognized consensus is more of,a model, , 
paradigm, or world view thar\ an explicit theory. As 
such, it consists in the main of ratherjgeneral statements 
-that guide more explicit theoretical thinking and the di- 
rection of research and social policy related to human, 
'development and social change/It is to be judged more 
for its usefulness in this latter respect than for its truth- ^ 
< fulness a3 systematic theoretical statements that can be 
tested scientifically: » * 

The following section illustrates this- usefulness in? 
three research arenas— arenas in which Jhe life-span ap- 
proach has r reoriented concepts and methods, led to cu- 
mulative, science, or prompted productive confrontations 
over metatheoretical differences. The.sociology erf life . 
chances, psychometric intelligence, s Tifd"the social his- 
tory of family relations and human development each 
illustrate the application or explication of some basic 
life-span themes and propositions within research P">-^ t 
grams of three disciplines. * 

NEW APPkOACHES IN RESEARCH THAT . 
REFLECT A LIFE-SPAN ORIENTATION ' • 

*tt is premature to predict whether a life-sp^ft approach 
to the study of development and aging^ill ultimately, m 
blossom into a new discipline with coherent -theory and 
special methods. One e&rly (but not definite) indication 
is whether applications of the them^ic orientation pro- 
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\ duce cumulative social science and ^prompt the devel- 
opment of paradigm shifts within existing disciplines. 
Within the last ten years there have been promising signs 
for the vitality otthe life-span perspective applied mt&n 
existing disciplines of sociology, psychology, and social 
history. For example, the crystallization of a life-span 
paradigm injfie study of social inequality and mobility 
by sociologists and some economists is quite visible.. 
This scholarly development illustrates the scientific fruit- 
fulness of the life-span approach as a basis for cumulating 
and integrating social science research — across discipli- 
nary boundaries and levels\of analysis (i.e. , micro-social/ 
individual v. s. ♦macro-social/institutional levels). 

/ 

THE SOCIOLOGY OF LIFE CHANCES SOCIAL INEQUALITY , 
AND STRATIFICATION IN LIFE-SPAN PERSPECTIVE 

Over the last two decades, progress toward cumulative 
social science has been greater in the subdiscipline of 

^soc^J stratification and mobility research than in any 
dth£r field of sociology. In recognizing this achievement, « 
there can be little dispute about the significance of Blau 
and Duncan's (1967) monograph, The American Occu- 
pational Structure, for sociological theory and research 

m during this period. This wprk and .the related writings 
of DuncJan recast the empirical stfidy of social mobility 
into inquiries about the inter- and intragenerational proc- 

' esses of socioeconomic stratification. They provided a 
rudimentary lifespan framework — the socioeconomic 
life cycle-vfor cumulative studies that extended 'and 
elaborated the ctesgriptive features of stratification as 'a 
dynamic process ofgenerational>and cohort replacement 
in«the society over time. This framework helped to or- 
ganize and focus discussion about questions ofnnequality 
and the transmissioivot differential opportunities from 
generation to generation, a discussion that involved a 
variety of jheoretical* poinjs of departure and social -sci- 
entists^outside the discipline. It provided a focus for 
discussions of public policy Jbout'poverjy and hunlan 
rights that prevailed during the. 1960s and early 1970s 
• as well as for debates'between academic scholars. More 
generally, the line of work Associated with Duncantfknd 
The American Occupaticfml Structure became an ex- > 
emplar for the design and analysis of national studies of , 
mobility and inequality. Yet the greatest impact of this 
program of research on the discipline may have been 
through its introduction of art approach to "causal mod-' 

• eling" of hypothesised processual relationships (e.g., 
socialjnobility) that could be applied to areas other than 
social inequality* and mobility, ' / 

Blau and Duncan cast the study of social mobility as 
the study of the process of stratification. Hollowing So- 

• fokin (1927), they copceived of rtiobility as a process 
of social metabolism whereby the inequalities that char- 
acterize the sdciety in one generation are reproduced, 1 ^ 
whole" or in pajt, in the next.tBy studying interg^nera- 
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tional mechanisms of socioeconomic transfer and factors 
that mitigate the effects of these mechanisms in the lives 
of individuals, they saw themselves to be investigating 
societal changes in the dispersion of socioeconomic sta- 
tuses through the succession of generations. (Note the 
parallels with thd Riloy et al., (1972) "age-stratifica- 
tion" models 

Duncan^ (1967) schema of the socioeconomic life 
cycle expressed this process of stratification-in terms of 
life-span Experiences of a hypothetical birth cohort. It 
characterized inequalities withuj the cohort at birth by 
the socioeconomic statuses, genetic endowments, cul- 
tural and racial features, and related- factors across pa- 
rental households and community milieus. These ine- 
qualities of social background were taken as the antecedents 
of educational differences, which in turn were antecedent 
to variability in occupational and economic statuses 
across the working life of the cohort. By studying in- 
terindividual difference? in hierarchical standing across 
the successive "stages" or phases of the cohort life 
cycle, Blau and Duncan portrayed the pattern of social 
mobility over the life span JTheir framework permitted 
them to examine, for* example, to what extent years of 
school att'ainment across individuals reorganized the pat- 
terns of socioeconomic inequality ascribed by social 
background, as the cohort entered the work force and 
achieved places in the social hierarchy. By comparing 
and contrasting this process of gratification in the ex- 
periences of successive cohorts, they were able to assess 
changes in inequality in the society that were associated* 
with changes in the antecedent-consequent relationships 
between social background, schooling, and occuffational 
careers. .... 

Path Analysis and Structure Equation Models « 

"The impact of beth,this definition of social stratification 
and the framework of its study might not have Ijeen so 
pervasive or long-lasting without Duncan's (\%6b) in- 
troduction of path analysis as a statistical tool fou'soci- 
ological research. Indeed, neither the Conceptual* point 
of view embodied in the socioeconomic HfS cycle nor 
path analysis itself was the d^covery of-Blau or Duncan. 
But the conjunction of the two .was a powerful combi- 
nation that bdth added io the scientific potential of the 
Duncan-Blau approach to strati ficafron and illustrated 
how sociologists might represent and study "causal'" 
processes generally. * , / 

Path analysis, de\feloped by the^population geneticist 
Sewall Wright, enabled Duncan to partition the statistical 
correlations among the constituent phasejs of the socio- 
economic life cycle (i.e., the % relation between two in- 
stances of interindividual differeh^es)^ into the quantifi- 
able paths* of direct and indirect -influence between 
(hypothetically) antecedent and consequent eventV. For 
example, the cob-elation of social -background #nd adult 
socioeconomic status (e^., as indexed by parental and 
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adult occupational prestige scores) could be decomposed 
algebraically into a precise statistical estimate of the di- 
rect effect of background on attainment and the indirect 
effect of background through schooling. In addition, in • 
order to use this statistical methocMbtTanalyst was forced 
to be explicit about the hypothetical model to be esti- 
mated: that is, to specify all direct and indirect relation- 
ships and to examine variance left unexplained in each 
variable by the "causal" system of alleged antecedents. 
So, for example, Blau and Duncan could analyze the, 
mobility-ftiducing effects of formal schooling that wem* . 
independent from inequalities of social background — 
i.e., inequalities of background that were transmitted^ 
through schooling and converted into inequalities in the 
cohort's occupational attainments in adulthood. 

" Tfte analytical power that path analysis provided for 
stratification research was, twofold. First, its requirement 
*or a precisely specified model and its capacity to provide 
statistical estimates of the model's credibility helped to* 
forraahzb and make concrete the theoretical discussions 
of mobility processes. Analysts could visualize and cn- 
tiqu<reach other's work far more easily than before be- 
cause of the technique's specificity about the entire sys-^ 
tern of*relationships being considered and/or excluded. 
This facility increased the frequency of cross-disciplinary 
citation,* especially between economists and sociologists 
nominally at work on the same topic; it also increased 
the ngor wity which theoretical disagreements could be 
pursued. Second, path analysis led to rapidiaccumulation* 
of descriptive findings and to a'deeper understanding of 
the process of stratification. Because the technique was 
base* on product-moment correlations, analysts could 
synthesize complex path models from fragments of data 
across several independent inquiries, subject to the con- 
straints of population and sampling comparabilities. This 
' strategy of incremental^ model building is illustrated by 
Duncan, Featherman, and Duncan (1972) who elabo- 
rated and extended the basic 5-variable model that un-> 
derlay the analysisof 77ze American Occupational Struc- 
ture. They introduced cognitive and motivational variables 
that were thought to intervene between social back- , 
ground and scholastic attainment, examined the potential' 
of schools to affeft the*distnbution of achievement apart 
from the personal and background qualities of students 
in these schools, and investigated the role of selected 
life-cycle % events fir adulthood in altering the pattern of 
socioeconomic careers. 

Two other instances of the integrating effect of path 
analysis (structural equation methods) and the life-span 
'approach appear in the respective writings of AVilliam 
H. Sewelland Melvin Kohn and their colleagues. Sewell 
jias followed a longitudinal panel of Wisconsin high 
"school- seniprs for over 20 years: The richness of the data* 
that Sewelland associates have collected oh social back- 
ground, schooling, work histories, and Jife events from^ 
this cohort suits the application of structural equation 
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methods. Their "Wisconsin status attainment moder\ 
(e.g.; Sewell, Haller, and Portes, 1969; Sewell andHau— 
ser, 1975) — a sociopsychological conception^ of social 
stratification— in some sense anticipated the Blau-Dun- t 
can framework for tfie socioeconomic life cycle. But by 
the mid-1970s a rapidly* expanding literature had. ap- 
peared in which analysts at Wisconsin and elsewhere 
both elaborated and replicated the quantitative statistical 
models of social (institutional), psychological (imfivi'd- 
ual) and social psychological (interpersonal) factors in 
educational, occupational, and economic achievement 
(see Sewell and Hauser, 1980, |ur a comprehensive 
summary). * 

Melvin Kohn and associates 'at the National, Insti- 
tute of Mental health have bridged the traditions of ^ 
Duncan-Blau-Sewelfitratification research and psycho- 
logical studies of mental health (Kohn, 1969, Kohn, and 
Schooler, 1973; 1978). By following a national sample 
of adult mal^workers for roughly a decide, Kohn has v 
studied how the requirements arid organization of wo/k 
and^job changes influence the values of woil<ers, the 
goals they have in rearing their children,' and even the 
men's cognitive or intellectual styles. This work also has ^ 
adopted the quantitative statistical models of stratifica- 
tion, research to explicate"a*1ife-span conception of the 
interplay between */ork histories and personality. For 
example, Kohn and' colleagues demonstrate the recip- 
rocal relationships between changes in the demands of 
successive work situations^ g., whether the jobs de- 
manded self-direction or were highly supervised; whether 
they 'called for the handling of complex novel circum- 
stances or' were substantially routinized— arid changes 
in the intellectual capacities of workers in different oc- 
cupational trajectories or job sequences. While it was 
true that men with greater potential at the outset were 
recruited more frequently into jobs requiring greater in- 
tellectual flexibility, it was just as likely that the^jnan 
was socialized by the job irrespective of personality 'or 
sociological factprs ; at the beginning of the study'. By 
implication, personality change— i.e., cognitive capac- 
ities—after childhood and adolescence can be observed 
readily through the study of successive role contexts that 
organize the tempo and content of adult behavior.* 

The influence of The American Occupational Struc- 
ture Vanged^beyond stratification research to alter the 
empirical standards of sociological inquiry. In turn, thSse 
developments reflected back on stratification research to 
A increase its quantitative and statistical complexity.* At 
A th^iime Th{ American Occupational Structure was pub- 
lished, sociologists wefe developing methodologies for 
"causal" analysis using survey data. Duncan's intro- 
duction of path analysis into sociology, coupled with its 
visibly productive use in stratification research, met a 
receptive audience in the discipline. Later, Duncan and 
others recognized relationships among econometrics, 
psychometrics, path analysis, and structural equation 
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models, as illustrated in Duncan's (1975J primer, Intto- 
-duaian toStructural Equation Models. (See Bielby 2nd 



Hauser, 1977b, for a review of the increasing use of 
structural equation models in sociology.) This intellec- 
tual* bridge, together with the development of statistically 
•efficient computer programs for estimating complex 
structural equations'with latent or unobserved variables 
'(e.g., Joreskog and Sorbom, 1979), invited the intro- 
duction -of new technologies in economics and educa- 
. tional psychology into the sociology of 4 stratification and . 
permitted eVen further precision in model construction 
and estimation. For example, Bielby (Bielby et al* 1977; 
Bielby and Hauser, 1977a) has compared interpretations 
oHhe role of schooling in occupational and economic 
attainment in which detailed Issues of data quality-^-er- 
rors in variables and relationships — are modeled explic- 
itly as part of the theories to be compared. In one sense ' 
this mode of theory specification epitomizes the positiv- 
istic approach within sociology^ for it takes the meas- 
urement of "true," relationships and "valid 11 concepts 
as equally important: • „ v * 

In sum, the stimulus of Blau and Dufccan's life-span 
approach to the study of sdtial «tratific5|kjn had wide- 
' raging response/ in sociology. Yet the rtopact of tins 
work revest uhdferstood^s^eprescn^ 
ence arfiong new way* of dynamic thinking Sbout 'so- 
fiolo^cahrefetionshipls, a search for new technologies 
that are^ppropnate for^gis new ^pproachVan^e avail- 
ability *6f research questiprjs tha^coulcf b^answfred Cor 
rephrased) betM'throu^i the° applfeatidh^t^ese jeCh* 
niques. Ttfrough this interplay, riehft 'detailed quam^ 
tative (statistical) models of the prbcess of stratificSfcn 
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counts prompted this recognition. Duncan himself au- 
thored "a chapter, "HQ^MuchXlpportunity is There?" 
lin the firsu federal' ?ocial report (Panel on Social Indi- 
cators, 1969) in which data from thAlau-Duncan study 
appeared. 

The second factor was connected directly with policy 
debates, within academe and without. The American 
Occupational Structure was published just after the Civil 
Rights Act of 1964, arid'in^the^midst of political and 
.social attention to President Johnson's "Great Society'' 
program. Life-span statistical n^odels of the socioeco- 
nomic life cycle often helped to focus questions of in- 
equality and mobility, 

The best illustration of thisjflnTulus,~ which brought 
widespread publicity to^ theMftd, was Christopher 
Jencks' Inequality (Jencks, eflf , 1972). Jencks used 
structural equations, the framework of the socioeco- 
nomic life cycle, the approach of incremental model 
building, and longitudinal data about social background, 
schooling, and work careers to discuss the policy lm- 
- plications of the manifest pattern of inequality and its 
transmission across generations. More than any other 
recent piepe of social science resedfch and policy anal- 
ysis, Inequality exemplified for the public and the social 
science communit y alike the "practical" value of this 
approach to issues in social stratification. 



have emerged, and the full potential for further etitoo 
ration and synthesis 4s as yet untapped. Nevertheless* 
progress toward cumulative social science has proceeded 
apace with marked upgrading in the qQantitative sophis- 
tication that is. required for academic sociologists who 
seek to keep up with, let alone'contribute Jp, this TWM. 



Issues of Public Policy 
i 

Another quite important consequence of this develop 
ment in sociological research was the greater ease with 
which it promoted and focusefl policy-related discussions 
about inequality, discrimination, and opportunities for 
mobility. Several factors facilitated this practical out- 
come of academic research. One was th$ "historical in- 
fluence of the social indicators "movement/' during the 
late '60s aqd early '70s. This public policy-related em 1 
phasis on societal' monitoring and the development of 
-normative statistical indicators of social process recog- 
nized and. embraced models such as that of the socio- 
economic life cycle (e.g., Land and Spilerman, 1975). 
The connection between the Duncan-Blau approach, 
with its visibly demographic conceptual base, and efforts 
of the time to develop a set of demographic social ac- 



fyfcSp an Themes Emerging in Stratification Research 
Sexologists who study patterns of inequality and social 
mobility in American society, as well as those who re- 
£^ c flect on their implications for public policy, have begun 
^ r to recognize that some of thes^ame themes that charac- 
k ^terize human development in life-span perspective also 
apply to the socioeconomic life"* cycle. In constructing 
this integration, the Riley et al. model of age stratifi- 
. ] eatioh (1972; 1976) has supplied a highly useful con- 
ceptual schema. If dne thinks of the process of stratifi- 
cation as consisting of life-long trajectories of achievement* 
behaviors', then growing evidence from .research on the 
*«^v£ocioetonomic life cycle indicates that the develop- 



mental course of aehievement 1) is responsive to' many 
causes^ 2) proceeds in many directions, 3) is both con- 
tinuous and discontinuous, 4) entails'greater interiridi- 
'vidual differences as it unfolds, and 5/ varies, across 
the experiences of successive birth cohorts., In addition 
this* complex pattern of achievement throughout the 
life"course is generated by age-graded events, cohort- 
forming events, as well as "idiosyncratic" events ift 
each individual's life. As such, discontinuities in 
-achievemenHrom one phase of life to the n$t are to be 
as expected as continuities. And, patterns of continuity 
and discontinuity in achievement are historically varia- 
ble.. Selected findings from thq cumulatipri of stratifi- 
cation research amplify these points and illustrate an 
empirical base of life-span propbsitions and themes. 
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^Some of the strongest continuities in achievement are 
intergenerational, tor example, correlations between the 
parental and filial generations in performances onjrtand/ 
•ardized IQ tests. Sociologists" conceive of IQ as the meas- 
ured-ability to do .school work, an IQ score is, among 
other things, a performance on' an' achievement task. 
Intenndividual differences in IQ tend to asymptote be- 
tween ages 8-10; thereafter,, inequality (but not neces- 
sarily plasticity) in this form ofscholasyc achievement 
remains very constant through adolescence. Whether it 
, does so thereafter is not well established (Schaie, 1979). — = 
Neither are the reasons for this developmental pattern 
.vy.ell .undergyj^i/ it may reflect ^neasefethent error, 
lagged gdjetic effects, age-graded school environments, 
or all of these. The parent-child or intergenerational cor- 
relation of IQ is roughly 0.5; but the intergenerational 
discontinuity in this form of achievement is large. For 
example, a linear cqmbinati(|l &f social background char- 
acteristics— social class, race, region of residence — ac- 
. counts for less than half ofthe variation among children's 
IQ scores (Featherman, 1980). 

Other scholastic achievements (e.g., grades in, courses, 
grade point average, teacher evaluations, yeare of school 
completed) and attainments in the world of work (e.g., 
earnings) are less connected to the .similar social achieve- 
ments of the parental generation than is IQ. The life- 
• cycle pattern is one of greater attenuationof discontinuity 
as the filial generation ages. In addition, secular trend 
or social change across the experiences of successive 
birth cohorts'of Americans (and perhap^elsewhere) ap- 
pears to be weakening these linkages even further. Take 
for example the length of formal schooling— years com- 
pleted. The major predictor of length of schooling is not 
parental social "class" but son's or daugBter's ]Q 
(Featherman, 1980). Educational aspirations, significant 
. others' school plans, IQ, and grade point average explain 
about lQ%j>f educational differences,among individuals. 
Interestingly, the net effects of parental characteristics , 
are effectively zero in these analyses. And, across suc- 
cessiyeAbiftfi cohorts of at least American men, these 
associations of social background (e.g., race, class, farm 
origins) are getting weaker (Featherman and Hauser; 
*1978). At least this is so for education through grade 12. 
In a maj^r respect, this declining persistence of achieve- 
ment from generation to generation stems from secular 
change in the population distribution of schody^-in 
* the lower taij. Perhaps this reflects a legacy oHndus- 
trialization and child labor laws. In any case, historical 
change has altered the intergenerational pattern of con- 
tinuity and change in scholastic achievement. 

Turning to occupations and careers, one finds, at least 
for the U.S., secular declines in the predictability of 
achievement from the attainments of parents and asso- 
ciated aspects of social background. But unjike the sit- 
uation for length of schooling, this trend toward greater^ 



^continuity in socioeconomic achievement is not con- - 
rfCCted to oterall reductions in occupational inequality— • 
in the distribution of the "statuses" of jobs on some 
scale oY social standing or income. Rather, it seems to 
arise from the substitution of formal education for social 
clas's or background as the means of access to better jobs 
or careers. Gbversely, the continuity between achieve- 
ment in schod and at work has gained, especially the 
relative economic value of higher education (Feathdrman 
and Hauser, 1978). * , 

u Explaining the overall trend toward'greater continuity 
between the scholastic achievements of youths and the 
occupational and economic Attainments of adults is prob- 
lematic. Whether it reflects greater valuation of higher 
education in post-industrial society, the effects of i4 (Se- 
dentialism'\in the allocation of workers to slots in the 
economy, or both is not known from available research 
(Featherman and Hauser, 1978; Featherman, 1980). 

There are some major exceptions to this historical 
Jrend. O^nvolves black workers, for whom intergen- 
'^erational continuities of achievement— modest though 
they are for Americans overall— are just now beginning ' 
to approximate the pattern that has been typical in white 
families (Featherman, and Hauser, 1978). Another ex- 
ception involves young white males who were under age 
35 in the mid-1970s. For these men, thb economic value 
of higher education seemed to. have fallen as they took 
their first jobs. Based on recent analyses, it is possible 
to interpret such a cohort pattern as a temporary aber- 
ration that stemmed from a. unique confluence of de- 
mographic, economicTlfii'd historical. events (unprece- 
dented cohort size, downturn in federal expenditures for 
research and development, and the effects of the Vietnam 
military draft on school attendance patterns; see Feath- 
erman and Hauser, 1978). But the .Important point for 
a consideration, of life-time continuities in Achievement 
and their vulnerability to historical and social change is 
that this^ unique confluence may have cost the college 
class of 197n in the U.S.. about 10% of its life-time 
earnings (Welch, 1979). ' / / . * ■ 
The normative features of the age-graded life cycle 
are linked to achievement patterns, too. For any giveh 
.birth cohort there is a statistically normative age profile 
to the entrance into and exit from the faAity of origin, 
school, work, and the family of procreation (Hpg^n, 
1978). Whether such age-graded behaviors are socially 
normative — subject to positiVe/negative sanctioning — in 
addition to being statistically nbrmative has yet to be 
firmly established. But 'there are consequences for 
achievement that ensue from deviations from the nof-< 
niative order and pace of life-cycle events (e.g., Hogan, 
1980). These effects are easiest to illustrate in contrasting 
the connections between jobs and schooling for Amer- 
ican women with'tho^ of men. Secular trends^ih the 
American female life cycle duringnhe 1970s have mark- 
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edly changed the labor force participation of women in ' 
tKekprime marital and childbearing ages-*-25 to 3& 
Whereas two decades ago only one-third of such women- 
worked, today about 55% do. Seventy-five 'percent of 
women in that age bracket who do not have children are 
employed. However, over 90% of the men in these ages 
are'in the labor force, and t&y tend to work with fewer 
interruptions and more frequently in full-timogobs.' Thus, 
despite recent shifts that have rendered the female life 
cycle more like that of the male, the family cycle is still . 
more integrally related to the socioeconomic life cycle : 
of females than of males (Van. Dusen and Sheldon, 
1976). , 
What are the consequences for acjiieverilent? Relative 
s to males, working woihen tend to experience more down- 
ward social mobility they have their families and find 
their otflTcareers. They acquire less* job experience at 
each age ftan men, irfaking job-to-job moves le^ pre- 
dictable ahd less conditional on job characteristics than 
for men . there is less continuity of occupational achieve- 
ment for yomen (Punto^andpeatherman, forthcoming). 
In addition, the connection £f schooling to successive 
jobs differs. For men, the direct influence of formal 
schooling on jobs is greatest at career beginnings (i.e., 
first job). It decli nes thereafter a^xpe rience and on-the- 
job training-become more important fbTsubsequent ca- 
reer moves. For women, however, formal ^choolipg re- 
tains importance, as the major ^ccess to subsequent jobs 
as women are forced to renegotiate for new jobs on the 
basis of their school credentials or formal training rather 
than on a stream of cumulative experience. Overall, how- 
ever, the net effect is for less co ntinuity between achieve- , 
ment in school and in work for women as a function of 
"deviant" age-grade patterns in their socioeconomic lffe 
cycle (Sewell et al., 1980J. ^ 

Ifl this brief summary of cumulative research on the 
process of stratification one sees the imprint of a life- 
span orientation. Achievement behaviors across the life 
cycle take-place in a sequence of institutional contexts — 
* the home, school, work/economy. The age-graded fea- 
[' ttites of this sequence give rise to the socioeconomic life 
| Q^cle as one aspect, of thelgeneral life course. Social 
T^cjianges in the connectionstibetweeri, these institutions 
jalter the pattern of continuity and change in human de- ' 
•velopment, as do factors that independently may affect 
v the sequence and pace of life-cycle transitions. In the 
case of achievement behaviors, especially for men, the 
drift of change in social institutions over the* las^several 
. decades has been to lessen the possibility of continuity 
in the developmental difference^ among individuals as 
they age from childH'ood through adulthood. . 

A second arena of research— psychometric intelli- 
gence— illustrates how' the adoption of the life-span 
orientation has led to metatheoretical debates, reconcep- 
tualization, and the search for new methodologies in 
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developmental psychology. It represents a majoj intel- 
lectual testing ground for the. scientific vitality and prom- 
ise of life-span themes and propositions. 

J 

PSYCHOMETRIC INTELLIGENCE COMPETING 
INTERPRETATIONS ABOUT DEVELOPMENTAL CHANGE IN 
ADULTHOOD AlQD OLD AGE 

Sociologists an^d psychologists have longstanding inter- 
ests in the cognitive development of children and ado- 
- lescents, and tests of intelligence have been used to 
measure growth and change in mental abilities since the 
early decades of the 20th century. Developmental re- 
search on mental abilities h&s been focused on scholastic 
achievement, on performancenn the formal school sys- 
tems by predicting which children were less (or more) 
likely to be.able tQ do school work at each grade level. 
Among the topics of great interest is whether children 
are promoted on the basis of tested ability or, altema- 
tively, on the basi$ of social class and other factors of 
social background. (Empirically one observes a positive - 
correlation between socioeconomic strata and 10 scores; 
it arises from "both the differential genetiGvendowments * 

• and cultural contexts of social groups [e.g., Scarr and 
.Weinberg, . 1978; see Featherman, 1980, for a review of 
researchj. rNot^nTiI WWII were IQ tests administered 

, widely to adults in the U.S. or were social scientists 
studying the differential abilities of adults. Even then, 
psychometric research on the intelligence oftyoun^adults 
predominated, as scientists examined the m^uenc^s of 
scholastic success and achievements in the world of 
work. r ^ * ' 

Developmental Aspects of Intelligence , 

' Within psychology", theoretical dissensus has surrounded 
the study of cognitive development in adults and the 
aged. Foi instance,, the putatively minor developmental 
changes in adulthood and supposedly universal senescent 
declines in old age clash with evidence and points of 
view drawn from the emerging-life-span paradig^j (eom- 
p^e Horn and Donaldson, 1980, and Willis and 6altes, 
1980). Despite such theoretical dissensus, psychologists, 
studying psychometric intelligence have come to agree - 
that glpbal measures such. a$ single IQ scores r can -no 
longer be used productively in developmental research, - 
whether on children or adults (McCall, J979; Schaie, 
1979). Instea^, the last decadfe has produced an approach 
to the testing of a v^pety of primary cental abilijie? 
throughout thfe life cycle. These abilities, e.g., spatial 
relations, visu^ization, verbal comprehension, symbol ~ 
manipulation, ^bachldentified by one or more specific 
tests and can be-scored individually. In turn, the primary * 
mental abilitiesr-ranging from 10 to 120 in nunrber— 
have been found to cluster into a sfnall set of higher- 
order factors or latent mental attributes that are reflected „ 
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in the primary abilities. According to one widely ac- 
cepted model, the most central of these latent attributes 
are fluid and crystallized intelligence (Horn^nd Cattell. 
1967). Crystallized intelligence refers to the universe of 
abilities embodied in the symbolic culture of a society; 
it is knowledge an4 mental skills that* community deems 
valuable and essential for its maintenance and that are 
instilled through' childrearing and adult §QpiaHzatiqff in 
social roles. In broad tewns, crystallized intelligerice can 
be identified in abilities to dec6de a written or ofal mes- ' 
sage, to identify the main ideas,' and to retain them for 
later use; it underlies the .capacity to cope with social 
situations according to the'conventional mores of a com- 
munity; it can be seen in the ability to balance a check- 
book or to figure out an IRS Form 1040 each April/. 

Fllnd intelligence is the ability complex,that develops 
earliest. In'cbntrast to crystallized intelligence, fluid in r ' 
telligence deals with reasoning about novel or unfamiliar 
material. Because' fltnd intelligence is seen as the de- 
velopmental' basis for all intelligence, it involves many 
of the same capacities as crystallized intelligence— abil- 
ities to abstract, to solve problems logically, and to cope 
intelligently with everyday life. Yet it. is distinguishable 
' by .-a unique set of manifestations that are not easily 
; >?taug ht by parents or the schools or learned- on sihe job 
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Rather they^are thought* to arise through incidMtal- or 
casual learning and through other influences- that\affect 
the physiology and neural processes associatecfwjth in- 
tellectual development (Horn and Donald^}/I980:461). 
Fluid intelligence involves capacities that l&able the per-^ 
son to reason with abstract (versus real-life, concrete) 
symbols, to invent and use alternative (optional, uncon- 
ventional) classifications or problem-solving strategies,, 
or to visualize novel Or hypothetical events. 

Both fluid and crystallized intelligence themselves are 
- organized hierarchically as reflections of general intd- 
ligence, Which is thd^oncept thaPglobal IQ scores indp ft. 
What developmental research missed as' it studied the 

• age trajectories of global IQ scores (e.g., Bloom, 1964) 
was that. fluid and crystallized intelligence apparently 
have different developmental profiles. For example, 
Horn and Donaldsotf (1980; see also Scheie, 1979) re- 
view a corpus of age-related psychotnetric research -of 
the last detade that concurs in that fluid ihtelljgence 
declines aftdr ages 25 to 30, whereas the abilities as- 

• s6ciated-with crystallised intelligence suffer no decline 
o^improve during adulthood (i.e., up tojhe retirement 
years). 'Wttle mentaLfaculties tied tamemoity also de- 
cline as- a function of chronological age and do so con- 
currently with fluid intelligence, there is no apparent 
causal connection between the two losses in the research- 
they report. The explanation 4hat Horn and Donaldson 
provide- is a multicausal and higfily speculative one, in- 
asmuch^ the cohort-sequential ; longitudinal research 
base that would be required to sort out antecedent- 
consequent relationships has ^>t yet been asseinbled. 



They suggest that conventional role sequences of Adult 
life provide opportunities for practicing and sharpening 
the* primary abilities subsumed by crystallized intelli- 
gence. The research by Melvin Kohn and associates . 
(Kohn and Schooler, 1978)*linking the substantive com- 
plexity of men'* work, their Sequences of occupations* * 
' and job-related tesks, and their profiles of intellectual 
fle*j$lity illustrates one such long-term arena for learn- 
ing andf practice. However, there may be fewfer and fewer 
contexts within which the incidental learning of fluid 
intelligence- takes place in adulthood. And, the accu- 
mulation of brain damage and' neural dysfunction as a * 
function of age (the sheer passage of time and increased 
exposure tojrtifc risk of injury) seem to have a 'greater 
impact on fluldjhan on crystallized intelligence Thus, 
for example, between the ages of 20 and 60 there is 
about a 12% loss in brain weight, a decreasej}ip to 50% 
in some areas of the bram) in total-number of Yieurons, 
an increase in neuro-fibrillary tangles and plaques, an 
increase in the width of brain fissures, and so on. Horn 
and Donaldson conclude: "The empirical ^idence in- 
dicates that the abilities of Q f (fluid intelligence) are more 
permanently affected by loss of brain tissue than are the 
abilities of G c , but it is by no means clear why this should 
' be true'UHorn and Donaldson, 1980:480). 

One reason may be that the knowledge structure of 
crystallized intelligence is "overdetermined." That is, 
it seems to b.e based on neural structures that contain a 
higher order of redundancy than fluid intelligence; ttiere- • 
fore, loss of brain tissue may not be as, crucial to thp< 
maintenance of full capacity. Horn and Donaldson's re- 
view of neural physiological research .suggests a basis 
for this differential redundancy. It appears that crystal- 
lized intelligence may depend upon biochemical struc- 
tures, or biMhemical alterations of neuronal synapses, 
that seem to be the mWhahism whereby information is 
stored diffusely throughout the brain. Fluid intelligence, 
by contrast, appears to depend upofi electrical networks 
of firing neurons. Loss of even a small number of neurons 
would impair' the action of an entire network; whereas 
a similar loss would have Jess effect on the diffuse bio- 
chemical structure. This speculation, tentative as it is, 
' illustratesihe^lose interdependence that has evolved' 
over the last decade between the biofteural and fcygip- 
iogicaf sciences. It suggests that cross-disciplinary ex- 
change among biologists, psychologists, sociologists, 
• and other behavioral scientists will be essential in moving 
, the lifespan orientation to intellectual development into 
concrete and theoretically focused research programs. 
4 Horn and Donaldson's review concludes that age- 
related declines in the capacities of fluid intelligence are • 
linked to deteriorations in ability to encode (to organize'' 
eatherthan to retrieve) information'and t#maintain close 
attention to the detaijs of .complex problems or to*con- 
* ceptuaHze nonstapdard relationships. Presumably these 
age-related, biologically basetHdeclines in intellectual 
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skill lie at the &ot of naturalistic observ ations by Lehman 
(L?64) and others (repcfrted in Horn and Donaldson, 
1980*494) For example, poets are said to peak at age 
25-29; psychologists, at age 35-39: rate of output of 
chemists is highest at age 30-34 and drops by 40-44, 
peak years for largest annual earnings in most fields, is 
age 50-55 (Lehman's unproven estimates have been 
challenged by Riley et aj., 1968.) 

The Life -Span Critique of Developmental Conclusions 

(Horn ana Donaldson reflect an orientation to intellectual 
development that spans the adult years into old age and 
highlights the multidimensional, multidirectional, mul- 
ticausal features of development. However their orient 
tation has been challenged by Schaie, Baltes, and others 
as anachronistic in lieht of mounting life-span research 
(fealtes and Schaie, 1976;. Schaie an*d Baltes, 1977; 
Willis and Baltes, 1980) Further, life-span research sug- ' 
gests that the predication of V biologically inexorable 
deterioration of fluid intelligence and related capacities s 
in all individuals lh all cohorts does not square with new 
evidence 'about the effects of intervention .among the 
agtd (those over age 65). 

The critique refers t6 the tendency of Horn and Don- 
aldson to view intellectual development in terms of the 
normative biological growth model that guided child 
development o and gerontological research throughout - 
mqst of this centuty It finds, fault with the femphasis on 
normative, developmental functions that fail to give at- 
tention to the variability of abilities and performances. 
Such variabilities around the Horn-Donaldson norms' 
manifest not only changes within the individual ajicf his * 
context over time, but also bio-histoncal changes across 
samples of different birth cohorts and sociocultural dif- 
ferences among individuals within a given cohort. 

Plasticity and' Variability in Intellectual Functioning 

9 .Schaie, Baltes and their colleagues at the frontier of life- 
span research on intellectual development emphasize the 
plasticity of intellectual functioning over a person's life, 
that is, the "apparent capacity for marked increases or, 

, ( 'improvements in mental abilities and performances", as 
well as for deteriorations', in both fluid and crystallized 
intelligence until death. They also emphasize that not all 
individuals age intellectually in the Same way Variability 
across* perspns « age profiles of fluid and c^stallized in- 
telligence is substantial, especially across cohorts and 
across persqns with different life histories. Evidence for 

I these cogclusions'is tentative (e . g. , Horn and Donaldson , 
1980), but it is becoming firmer as longitudinal cohort- 
^ sequential studies and intervention-demonstration ex- 
periments are conducted with these ideas as guiding 
hypotheses. 

For example, Schaie (1979) has studied a large number 
of persons between the ages of 24 and 80. Dividing* the 
* sample into'seven birth cohorts, he assessed the change 
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in primary mental abilities at three occasions over a 14- 
- year'pejiod (1956, 1963,. and 1^70).»He*was abte to 
analyze age-related (ontogenetic) changes by comparing 
change scores for persons at comparable ages (e.<g., 35 • , 
" to 41; 42 to 49), departures from a common ontogenetic 
pattern acfoss the J groups were interpreted as cohort 
differences. In general, Schaie found that cohort varia- 
tion was greater than the magnitudes of change in ability 
that could be attributed to ontogeny (aging) within co- - m 
horts. Cohort differences were not uniform across the 
component primary abilities associated with fluid and 
crystallized intelligence. Thus, the work challenges the 
assumption of-a universal normative pattern of intellect . 
. tual performance across the" life span, it offers contra- 
dictory evidence for the assumption of inevitable and 
uniform declines in fluid intelligence at advanced ages. 
(Obversely, it contradicts the generalization that all per- 
sons necessarily enjoy stability, or improvement in their 
capacities for manifesting crystallized intelligence.) j 

There are. of course, rpany, reasons why successive 
birth cohorts might display^tlifferent capacities 'for 
. growth and decline across the various components of 
quid^nd crystallized intelligence. Uhlenberg (1979) has 
described the massive demographic charjges,.underway 
.in the educational, health, ^nd pxperiential characteris- 
tics of the elderly population in the ITS. It is not at all 
unlikely, given the overall improvements in levels of 
education, health, and econonvc security, that the pattern 
of 'future research such as Schaie's will show smaller' 
declines in mental ability v at every age ^successively 
more recent birth cohorts. Opportunities for<the le^rnifig 
and practice of 'abilities associated with crystallized in- ' 
telligence and for the incidental learning and practice of 
those linked to fluid intelligence have improved and may' 
continue to do so. Improved healtrvxaie and protection 
• fromJ)«fzar4s and injuries may footer greater biophysical, 
neupl capacity afadvanced ages. On the other hand', the 
coiirse* of sdctoft^olutionary changes js not irjeyitabte, 
and the neurons ancl biochemistry of the brain rrmy be" 
subject to a genetic, evolutionary program for eventual 
dysfunction and death (e.g., Strehler,'l977). Despite the 
inevitability of death and dysfunction at some chrono- - 
logical age, the trajectory of experience in reacting this 
point is varied for persons withirf cohorts and across 
them as well. . . 

Another program of research on psychometric intel- 
ligence, guided by Baltes and colleagues, has offered 
suggestive evidence about the plasticity of fluid ability 
in aged persons (e.g., Baltes afid Willis, in press; Willis ^f* 
atfd Baltes, 1980; see also Denny',- 1979; Labouvie-Vtef; 
1976; and Sterns and Sanders, 1980). Baltes and col- 
leagues have addressed Jthemselyes to the underlying 
potential or reserve for performing variotre^tefifccW 
tasks across the life cycle. They reason that mental^fij- 
ities musj be" differentiated from measured perfonmances 
of tasks that call for the application of ability. On any 
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J, one occasion, factors such as motivation, fatigue, stress 
sand the like may alter performance and introduce situ- 
ational "error" into the estimation of an individual's 
, ability. Similarly, across the life span! situational con- 
tents— trajectories of experience — influence perform-' 
ance and .add to the intenridividual and intraindividual 
variability at intellectual task$. Thus, what the analyst 
observes is s6me interaction between the "true" or latent 
ability and the environmental context. But what about 
ability in some optanujn environment, one that is struc- 
tured to reveal the full latent potential or reserve of abil-. 
ity? In a series of intervention or optimization demon- 
strations with persons between ages 60 and 80, the 

*v Baltes- Willis group has found substantial reserve for im- 
provement in performances at tasHs that tap fluid intel- 

• ligence. Not only do old persons do better at the labo- 0 
ratory tasks, but the experimental treatments seem to 
encourage §gperaliz^ion to other tasks (tests) as -well 
(see- Baltes Wd Baltes, 1980; and Labouvie-Vief. 1976; 
for reviews). . * , ' - 

Baltes and colleagues have reasoned that psychometric 
tests are performances that reflect both competence and 

^ situational influences such as fatigue, motivation, and 
interest. Insofar as some prin&ry abilities associated with 
fluid intelligence decline in "some older persons, might 
these changes be tied to the situational factors rather than 

> to ability per se? In aperies of experiments, the Baltes 
group hjs attempted 'to optimize the performances of 

• < persons aged 60 to 80 who were drawn from a university 

community. 

• One group was tested at repeated intervals in order to 
• give* implicit familiarity .with the testing situation and 
the tests themselves. In eight one-hour sessi||6, another ' 
group was gnten explicit and specific training An the 
problem solving skills that, the tests were designed to ^ 
measure. Still another group was tested only at the very 
end of the experimental series and represented a post- 
test control. With th<Texception ohthis .last group, the , 
others were tested following the training,period at one 
week, one month, and six month intervals. Sheer fa- 
miliarity with test taking seemed to improve the scores 
|dn the firet group. But marked'improvements in perform- 
ances were apparent in the group given explicit training 
at the rules and logic,ot tests measuring primary abilities 

the actual tralning*ftad ended, the participants continued 
to improve at a rate that exceeded the gains in the "fa- h 
miliarity" group. And the former also were able to gen- 
% eralize their new sjcills to tests of fluid intelligence that 
had not been the focus of specific training. In'related 
"work, ^tests of response speed algjp showed the latent f 
/ capacity for small modification. * 

These studies. have suggested thaf losses in neural 
** functioning that the el4grly suffer may not always impair 
.intellectual perfoimance!i^ctice at new tasks (or at old 
e ones that have pe&sed to be salient, e.g., test taking for 
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a 70-year old), motivation, reinforcement, and focused 
attention are some of tha»situational factors that have the 
capacity to mediate tjie significance of biological changes 
for the behaviors of the aged. The Baltes group has 
implied that' the elderly h^ve traditionally lived in a con- 
text of ill-defined social roles— perhaps, more correctly, ^ 
a role-less phase of life (Rosog, 1976). Lacking practice > * . ^ 
or opportunities to learn ancTsRarpen skills, abilities fair 
into disuse and deteriorate. (The same argument often m 
is made by human capital economists in interpreting the 
lesser economic returns to investments in education or 
prior job experience by middle-aged women vis-a-vis 
men with more continuous work histories; e.g., Pola- . 
check, 1979). This interpretation implies that intellectual 
performance, and perhaps other abilities and capacities 
as well, are underlain by a latent reserve or potential that 
is only partially tapped by conventional social environ- 
ments. Whereas children and adolescents manifest a 
greater proportion of this latent reserve , owing to the 
orientations for achievement and personal development 
that are built into institutions such as the school and the 
economy, the reserves of the elderly are less fully utilized 
or revealed (e.g., Baltes and Willis, forthcoming). 

Toward an Integrated Interpretation 
Thi's speculation may ultimafely. provide a basis for in- 
tegrating the results of the optimization experiments with 
the Work of Horn and others that posits eventual dete- 
rioratipn of function as a normative (typical or average) 
feature in the aged. The ontogenetic course of latent 
reserve may in Yact peak in early or middle adulthood 
and decline thereafter because of genetic and other bi- 
ological influences. But since this is b hypothetical and 
as yet unobserved developmental limit, more age- 
comparative optimization research will be required to ' 
establish its factual basis. On the other hand, the manifest 
or actual reserve seems to be malleable in ways that c^ll 
into question the inevitable and universal correspondence 
between its developmental course and the limits of latent 
reserves. In more optimal environments, the trajectory 
of;manifest capacities may continue to rise into old age, 
long after the latent capacities have peeked. 

Speculations of this character are prompting contin- 
uing life-span research on the conditions of senescent 
declines in mental capacity and in independence and 
mastery behaviors among the elderly (e.g., Rodin, 1980; 
M. Baltes and Barton, in press). Out of this work has 
come a series of methodological insights that will con- 
tinue to reorient developmental research; One obvious 
illustration is tjie use of optimization interventions that 
manipulate the situational contexts within which behav- 
iors and abilities become manifest. Another is the de- 
velopment of new* tests and instruments for the assess- 
ment of competencies across the full span of life. Schaie 
and other* gerontologists have argued that psychometric 
instruments that were designed to measure differential 



^ t abilities, in children and adolescents are poorly con- 
structed foFuse among persons in the later periods of life 
(Schaie, 1979). Thatfc, the achievement-related contexts 
within which assessments of mastery and competence 
derive their originating purpose — i.e., to predict success 
"7 in school and in the°early work career — are largely with-' 

* out dirett counterparts in the last third of life. 

t Schaie (1977/78; see alsoXabouvie-Vief, 1980) has 
suggested a life-span theory of intellectual development 
in which the definition of intelligence changes according 
to the changes in developmental tasks throughout the 
. successive phases of a typical life course. Fully recog- 
nizing that cohort and individual differences in life events 
may limit the. usefulness of a normative approach to 
conceptual definitions, Schaie then suggests that new 
tests of primary abilities be constructed to tap these var- 
ious dimensions Further, he and others have begun to 
explore the likelihood that the structure of psychometric 
intelligence also changes across the life span. For ex- 
ample, the primary abilities that cluster into fluid and 
crystallized intelligence may undergo a transformation 
and realignment over time in response to both biological 
changed and sociohistorical ones. Results from early 
woik seem to bear out this hypothesis and to imply that 
aging entails qualitative as well as quantitative change 
in intellectual ability (e.g., Baltesfet al., 1980). Appli- 
cation of structural equation modeling and the use of 
neVcpmputer algorithms for confirmatory factor anal- 

* ysis (e.g M Joreskog and Sorbom, 1979) have aided this 
line of inquiry. 0 

Life-span interpretations of intellectual development 
have animated conceptual and methodological discus- 
sionsvin psychology and fueled theoretical debates. 
While it is far too early to predict whether this dissensus 
**" and scholarly dialectic will catalyze a new behavioral 
* science around lffe-span issues and methods, the last 
decade has witnessed a diffusion of new perspectives 
and methods ( into developmental psychology. Estab- 
lished concepts and modes of research design ar^ being 
questioned, and there is a reaching out to related disci- 
plines for help in addressing old questions in new ways. 
These studies and developments also have brought ac- 
" - ademic research on psychometric intelligence kito a 
closd relationship with practical or policy-related issues 
about aging and the elderly — issues like retirement,,so- 
cial security, independent living) and long-term care. 

A third arena of current research — the social history 
of family relations and human development — represents 
a convergence of attention on aTsingle set of analytical 
issues under guidance of common concepts. This ex- 
ample illustrates how the life-span approach is helping 
^io organize and redirect a program of inquiry in social 
history and also across several disciplines. The renais-' 
sahce of multidisciplinary interest in the historical fam- 
ily, social relationships within the contemporary family, 
and.the role of the family as a context of socialization 

O . — *T 
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highlights further-potential f or t h e emergence of a new 
discipline dealing with life-span behavior and 
development. 

THE SOCIAL HISTORY OF FAMILY RELATIONS AND 
HUMAN DEVELOPMENT 

Over the last decade, social historians, family sociolo- 
gists, developmental psychologists, and demographers 
have begun to study the family through the themes 3nd 
propositions of a life-span orientation (e.g., Vinovskis, 
1977; Hill and Mattessich,~l979; Hareven, 1978). In- * 
creasingly, an interdisciplinary approach under this core 
paradigm has become the explicit basis on which re- 
search problems about the family are defined, variables 
are selected, and analyses are designed (Elder, forth- 
coming). This trend has been facilitated by a willingness 
of the disciplines to expaAd the frameworks of analysis 
to include variables normally found outside their separate s 
domains, and by the accumulation of common data bases 
in machine-readable form that permit integrated analysis 
(e.g., Thernstrom, 1965; Hershberg, 1981; Hareven, 
1978). As a result, sociological understandings of the 
contemporary American family are being transformed 
through revisions of stereotypes about the historical fam- 
ily; sociological and demographic insights into family 
process are revolutionizing historical research; and the 

- psychology of ontogenetic change is adding a bio- 
behavioral, dimension to the analysis of family process. 

9 Perhaps because it includes so many of the multidimen- 
sional, multilevel issues in the analysis of the individual* 
change-social change dialectic, the study of family re- 
lations and human development may provide the intel- 
lectual context for any eventual emergence of a new life- 
span discipline. 

Reinterpreting the Historical Family 

Elder (forthcoming) has observed that as little as a decade 
ago students of the American family were convinced of 
two generalizations about the historical trends in family . 
life between the 19th and 20th centuries: "that domestic 
households had become increasingly more nuclear (com- 
posed of two parents and their children), and that they 
had Ttotft many of their economic and human develop- 
mental functions. Research in Britain by Laslett (1972), 
in Austria by Berkner (1972), and in North America by 
Thernstrom (1965), E.A. Wrigley'(1972), and others is 
contravening these assertions. This work is revolution- 
izing our perspective on "the" historical family, and, 
by extension, recasting our appreciation for continuities 
and changes in the "embattled" contemporary family.^ 
These radical shifts in understanding and in research 
approaches have been sparked by several developments. 
One is that manuscript censuses for the late 19th century 
have become available as research tools; this has enabled 
quantitative historians, demographers, sociologists and 
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others to synthesize the records of household members 
over successive enumerations and to link these to ad- 
ministrative and other secondary sources of information 
aboift employmertf, education, and income within the 
communities of residence. But primarily, it has been the 
efforts to synthesize processes of family dynamics 
("family time") with historical change (''historical 
time"^within the framework of a life-course orientation 
("developmental time") that is enabling researchers to 
begin the difficult analytical tasks of rewriting history 
and of restating the status of contemporary family life 
within that historical pattern. BecauseJhese revisions are 
still in their early stages and the data are still being ' 
.assembled, only the general thrust of the work and pre- 
liminary findings can be reported. 

Families in the 19th century are not more easily char- 
acterized than their counterparts today, our stereotypes 
notwithstanding. While on average the "historical fam- 
ily" may have been larger than most contemporary ones, 
household size and composition were highly variable. 
For example, 19th century households in North America 
appear to have adjusted their size in relation to chang- 
ing econpmic fortunes. In Canadian mercantile centers 
young adults of working class origin often spent a period 
outside their parental homes as todgers in other house- 
holds, as domestics, or as employees in firms at some 
distance from their familes (Katz, 1975). In a sense 
they were part of the parental household economy, be- 
cause they frequently shared some or all of their income 
1 witri that' unit and returned there after a period away. 
Elsewhere, the same /amilies that dispersed employable 
members also took in boarders and lodgers as co- 
residents as needs arose <e.g., Modell and Hareven, 
4 1973), either because of Secular Jtosiness cycles or be- 
causeVf life-cycle changes within the household (e.g., 
widowhood)^' . 

Thus, families responded to industrialization and the 
urbanization of the 19th century economy by; adjusting 
their household economic bases in two ways that affected 
their size and composition: by expanding thp sources of 
income and by limiting the demand on these sources 
within the household. At some tinges, households were 
large and "extended," at other times, "stem," and at 
still others, "nuclear." There was great variation over 
time and across households in the strategies that families 
used to respond \p sfecular (historical) change and to life- 
cycle transitions and events of their constituent co- 
resident. In these respects, 19th century families were 
no different from families today; see, for example, the 
only on-going longitudinal study of American house- 
, holds, the Panel Study of Income Dynamics (e.g., Dun- 
can and Morgan, 1979). By comparison, contemporary 
households Adjust their labor supply through the life 
cycle and secular pattern of female labor force partici- 
pation, family size (birth control), and child spacing. In 



the Morgan, et al., studies, the chief factors in account- 
ing for the over-time economic status of households were 
those connected to shifts in their relative sizes and com- 
positions: divorce and separation, additional children, 
split-offs of sub-household units (Duncan and Morgan, 
1976). ' 

Dynamic and Behavioral Approaches % m 0 

The major change of orientation occurring in the study 
of the historical family is the shift from an essentially 
static, structural perspective to a dynamic, behavioral 
one (Hareven, .1977; Elder; forthcoming). Typological t 
thinking about the *"preindustrial," "industrial," and 
"post-industrial" families, families whose internal 
structure was thought to mirror faithfully the structural 
transformations of the embedding economy and society 
(e.g., Smelser, 1959), has been replaced by transactional 
approaches in which the family is a dynamic unit over 
the course of its life, changing its structural features in 
response to social change and to the life course or de- 1 
velopmental trajectories of its several members over 
chronological time. ^ 

For example, Michael Andersbn (1971) and Tamara 
Hareven (1981) use longitudinal, .historical data on the 
individuals within families and households to portray the 
active role of the family unit in the course 6f industrial- 
ization in both Britain and the American northeast. Dur- 
ing the early stages of industrialization, especially in the 
textile towns of the American northeast, the economic 
survival of the family was well served by a collective 
strategy or family plan that sent women to work, with- 
drew children from school,. or aided the migration and 
job placement of kin as dictated by the changing fortunes 
of the family. This interplay of "family time" and "in- 
. dustriai time" (Hareven, 1975; 1977) gradually gave 
way, under conditions of rising affluence arid, declining 
family size, to a 20th century pattern of individual life 
plans that could be pursued without jeopardizing the 
survival of others. During the 20th century, the earlier^ 
patterns of contingency between a person's transition 
into full adulthood (including the assumption of inde- % • 
pendent economic roles and the making of a new family 
unit) and his obligation to be responsive to the episodes 
of economic misfortunenrflh^ffental household were v 
weakened (Modell et al., 1976). Thus, the conjunction 
of "family time" and "industrial time" was transformed 
into one between "indivi4ual time*' and "industrial 
time." The tempo of the individual life course was or- 
ganized by a new set of institutions outside the family 
that sequenced the roles into and'through which persons 
passed. Age-graded schools, occupational and industrial 
careers, and promotional schemes by seniority are ex- 
amples,qffthe emergence of temporizing influences that 
riot only affected the pace of an individual^ life but 
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generalised acros^s individuals to forrrf age -graded nor- 
mative events as cohort experiences. 

In this latter respect, tjie behavioral approach to the 
19th century family aV both the receiver of historical 
influences and an active agent in thexourse of historical 
change parallels the emergence of "modern home eco- 
nomics*' as an orientation to the study df the contem- 
porary family (e.g., Becker, , 19£5). Studies of invest- 
ments in childrearing, in the labor supply of mothers, 
and in schooling (e.g., Kaestle and.Vinovskis, 1979) In 
19th century America cast the family as a set of decision- 
makers optimizing their utilities through production, re- 
production, consumption, and resource 'allocation in a 

~ changing social and economic environment. What is 
striking' about the new family history and the new home 
economics (really a version of hrtman capital theory ap- 
plied to the production and consumption time allocations 
associated with domestic vs. market labor decisions and 
childrearing) is that both behavioral theories have such 
underdeveloped conceptions of human ontogeny. Per- 
haps this weakness, or lesser theoretical d'evelopment, 
is understandable in 'the reconstructions of 19th century 
behavior, because of the absence of appropriate data. In 
the case of human capital theories of contemporary do- 
mestic economies, however, this conceptual shortfall is 
a challenge' for the future. In this regard, it seems es- 
sential that economists become a more central part of the 
multidiscipliipry discussions of life-span behavioral 

'processes, longitudinal data on individuals within 
household aggregates, such as those being collected by 
the economist, Morgan, are' also indispensable to this 
endeavor. ' 

Life-span, behavioral approaches to the study of his- 
torical families responding to and shaping the course of 
industrialization are reshaping current debates about the 

^Sbcial functions .pf schooling and family in the political 
economy. New data from manuscript censuses and re- 
constructed life histories challenge the social criticism 
of "radical economists" and neo-Marxian sociologists 
that the schools in the 19th century were used by capi- 
talists to control and shape working class and immigrant 
behaviors into forms that weje useful to entrepreneurs 
(e.g., Bowles and Gintis, 1976; compare Kaestle and 
Vinovskis, 1980). By contrast, the picture of School en- 
rollment and its relationship to the economic activities 
of families and the life courses of individuals is becoming 
much more complex in new historical research. Studies 
show, for example, that school enrollment of older chil- 
dren was common prior to the middle and late 19th 
century^d the spread of industrialization in America 
(e.g., Kaestle and Vinovskis, 1980). Iti addition, many 
of the "modern*' attributes of the family (e.g., "com- 
panionate" social relationships) also may have predated 
their alleged "cause" (Wrigley, 1977). Thus? historical, 
life-span research is forcing a revision <j>f thinking about 
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the napdem family and its relation to the political .econ- 
omy, if only because social criticism, of contemporary 
institutions is predicated on apparently false historical 
assumptions that only now are coming to light. 

" History and thk Changing View of Modern Fcynilies 

Dynamic, behavioral thinking aboth the inter-connection 
of social change, individual change, and change in fam- 
ily structure and process is challenging more than dtir 
stereotypes of the historical family. It is revolutionizing 
the study of the modern family as well (Elder, forth- 
coming)/ For decades sociologists and demographers 
have>bsed the concept of the "family cycle" to describe 
and analyze regular changes in the social relationships 
and orientations among family members as a function 
of temporal shifts/in family composition (Lodmis and 
Hamilton* 1936; Click, 1947, 1977; Glick arid Parke, 
1965; Duvall, 1971). That is, the family J a social 
aggregate was thought to assume certain universal be- 
havioral features as a coflsequence of its structural prop- 
erties and transformations of them. For example, Hill* 
and Mattessich define "family development" as 

the process of progressive structural differentiation 
and transformation over the family's history, . . . 
the active acquisition and selective discarding of 
roles by incumbents of family positions as they seek 
to meet the changing functional requisites for sur- 
vival and as they adapt to recurring life stresses as 
a family system (1980:174). 

* Historically, the "family history" to which Hill and 
Mattessich refer was conceived as a series of sequential, 
static, age-graded types of family "structures": for ex- 
ample, marriage and the dyad, birth of the first child and 
the triad, youngest child leaves home and the empty nest, 
retirement and ultimate dissolution of the marriage 
through death of one spouse. Demographic regularities 
in ages at marriage and ih child spacing have provided 
the age-graded character to the family cycle, sinee the 
stages or phases of family life (structure) thai it distin- 
guishes are predicated on markers of "family time" such 
as age of oldest or youngest child, age at retirement, age 
at death of spouse. 

Because? of the life-span orientations, family research- 
ers now recognize that the concept of the family cycle 
has been ahistorical, static, culture-bound, and unduly 
focused on the impact of childr£ftt)n the parental rela- 
tionship. To be sure, the concept has aided the analysis 
of longitudinal change in behavior, but it was based on 
typological thinking, and oh assumptions about the prev- 
alence of marriage and th^huclear family and of the 
durability of marriages throughout a lifetime. Glick and 

^Norton (1977) project that among contemporary young 
marriages, forty percent will end in divorce, Of those 
who become 'divorced, between three-quarters and five- 
sixths will remarry and remain in that relationship until 
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the death of the spouse (Glick, 1977). Together with the 
greater stability of marriages in older birth cohorts, to- ' 
day's marital and remarital patterns -attest to the prefer- 
ability of married life, for about eighty-four percent of 
all families in 1975 were hu$band-w;fe families (Glick, 
1977). At the same tinqe, the recycling of adults through 
marital relationships and the accumulation of children 
exposed to divorce and either long periods of single- 
' parent family lif^or second or multiple families have 
increased markedly over recent decades. Only 67 percent 
of all children under 18 live with their own-once-married 
parents (Glick and Norton, 1977). In this .context, the 
. static typological model of the family life cycle has little 
scientific utility. * 

Hill and Mattessich's definition of family development 
is oge heuristic effort to revise the study of the modern 
family {hat incorporates the elements of a life-span ori- 
entation and is flexible enough to apply across the his- 
torical experiences of different birth and marital cohor^ 
(see Clausen, 1972^pan ierand Glick, ND). The newer 
apprpach views the family as a constellation of individ- 
uals' life courses in some mutually contingent relation- 
* ship and in the context of evolving historical circum- 
stances. The pertinence of research on family life during 
the industrial revolution for the conception of the modern 
family is that historical circumstances are themselves the 
outcome of the interplay of individual developmental 
processes, of family or collective responses to the his- 
torical moment, and the opportunities and constraints of 
hist&rical events and contemporary iAgfutions. 

Glen H. Elder, Jr.'s description families in, the 
Great Depression illustrates this. Elder (1974;- '1978; 
1980) has conducted social psychological research on 
the reciprocal relationships between historical and per- 
sonality changes using two studies of San Francisco Bay 
area children, born in the 1920s, as they have grown 
into adulthood. His work illustrates the "cohort sequen- 
tiaT method of longitudinal research, for it contrasts the 
life courses and personalities of individuals within two 
birth cohorts as they have aged. In each cohort, Elder 
•explores the differential impacts of relative economic 
deprivation associated with thp Great Depression and of 
mitigating influences associated with military service in 
WWII, subsequent career security, and other adult life 
events. One cohort, drawn from the city of Oakland, 
were adolescents during the depths of the depression.*^ 
second cohort, from Berkeley, was bont later and spent 
its childhood in the depression, -adolescence in the war 
years, and adulthood during the post-war economic 
boom. Effects of sudden economic hardship and resulting 
family distresses were more visible in the Berkeley co- 
hort, for whom a greater portion of childhood was lived 
^during hard times. The timing of this deprivation, rel- 
ative to developmental age, placed the Berkeley children 
at greater risk to cumulative disadvantage than the Oak- 
land children. Across the decades of longitudinal data, 



Elder observed.men from households that suffered large 
economic losses— irrespec tive of so ci al class— to voice 
concerns for security and to value financial conservatism. 
But these attitudes and related behaviors were much less 
salient for rhen with stable work histories and marriages, 
idemonstrating the moderating influences of proximate 
life events among men of equally deprived depression 
backgrounds. Neither were all men of either cohort 
equally affected by the depression. For example, some 
lived in families tfiat lost relatively little; some had fa- 
thers whose sudden decline in earning power altered the 
pattern of father vs. mother dominance and the strength 
of the father as a role model for his son. Others came 
from households where creative coping with distress and 
collective sharing of new responsibilities were >ources 
of family solidarity. In each of these particular instances 
of differential Joss and of family response, Elder found 
' different manifestations <3f the depression— manifesta- 
tions in anxieties and mental health and in values for 
conservatism or risk-taking. 

One instructive feature of Elder's long-term program 
of research from a life-span perspective is his demon- 
stration of the importance of cumulativelife history as 
a tool in analysis of differential outcomes of the depres- 
sion. To be sure, he was able to document different 
. manifestations of the depression in the pre-adult lives of 
the Bay Area residents and in the interaction between 
developmental age and the onset of economic hardship. 
In addition, however, Elder emphasized that the devel- 
opmental consequences of these* variable impacts of the 
depression were, even more varied in adulthood. For ex- 
ample, adolescents whose family's relations were heav- 
ily strained by the father's loss of substantial earning 
capacity and related esteem, and whose mothers*pften 
assumed a position of dominance, frequently suffered 
anxieties and doubts about personal competence. Yet in 
those instances where, the son was able to move away 
from the parental "household rather quickly, as was the 
case for many of the Oakland boys who were mobilized 
into WWII, long-term effects of these experiences in 
youth were offset by fresh starts in new settings: Others, 
who went to college, failed to evidence any career-related 
disadvantages, inasmuch as they were the most able to 
avail themselves of the expanding economic opportun- 
ities of the post-war boom and to establish the actuality 
of their competence. 

In summary, Elder's continuing longitudinal research 
within these two cohorts reflects many of the themes and 
propositions of the life-span orientation. For example, 
developmental research must be historical and situational 
insofar as historical events precipitate change in the 
course of lives; both between and within cohorts. And, 
developing individuals are agents as well as receivers of 
historical change. (By implication, Elder's work sug- 
gests that there may be only a limited set of generali- 
zations that are ahistorical, i.e., as true in 1990 as in 
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1980, that behavioral scientists can make. This may dif- 
ferentiate the inherent nature of social science from that 
of the other sciences. )^The chief illustrative value of 
Elder's work may lie in its description of the ways in 
which a single historical event interacts with the varie- 
gated circumstances in persons' pasts and futures to in- 
crease the likelihood both of change across^ the course 
of life and of individualized life trajectories of adults 

from seemingly similar social and historical origins.' 

* 

Usefulness of the Family as a Unit of Analysis 

Viewing families as co-residing individuals complicates 
the study of the familv, for it fcfrces the analysyro see*" 
a family unit' as a potentially unique entity. E4eh indi- 
viduals at his or her point in personal developmental 
time, the significance of which is cast in terms of a 
cumulative life historv. The aggregate co-residential unit 
can change in time because of dissolutions of marriages, 
remarriages, or other compositional changes that impl> 
a dynamic situational context for these individual life 
courses and their combinatory, outcomes. Then, too, 
there is the impact of sociqhistoncal change that becomes 
manifest in potentially urtique ways. 

Sociological and economic research on cohort marital 
fertility and female labor force participation supports this 
perspective (e.g., Easterlin, 1980), as does Alice Rossi's 
(1980) examination of how the hormonal and physical 
changes (or differences in the degrees of biological 
change) in raiddle-aged parents of adolescents alter the 
qualities of familv life for J)oth parents and children. 
Rossfs study is one 'of the few by sociologists to in- 
corporate social and biological influences on human de- 
velopment and to recognize the dialectical dynamics of 
simultaneous change in children and their middle-aged 
parents. Socialization in families becomes a Two- 
generation process that is continually underway. 

Whether the next decade of life-span research will 
continue to see the family as a useful unit of analytical 
distinction is now unclear. Incorporation of the Itfe-span 
approach into family research raises the possibility that 
"family development" may prove to be nothing more 
than the interactive combination of the individual de- 
velopmental trajectories of co-residents. Put another 
way, one challenge of the new perspective for sociolo- 
gists and others who have traditionally used structural 
features and "stages" of family development as analyt- 
ical tools is to demonstrate that the aggregate or structural 
approach remains viable, given the increasing diversity 
(and recognition of it) of both individual patterns of 
development and the histories of individual families or 
co-residential units. This challenge is not unlike the one 
before students of adult development who have tended 
to use stage or phase models of personality change over 
the life course (e.g., Gould, 1978, Levinson, 1978; Vail- 
lant, 1978). Brim and Ryffs (1980) generic effort to 
identify and classify how varieties of life events — bio- 
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logical, social, historical, and psychological— shape and 
reform the personality within both normative and non- 
' normative trajectories of experience may provide a nec- 
essary conceptual bridge between developmental re- 
search involving "family cycles" and research on the 
socialization of children and their parents. 

The Multidiscip Unary Future, of Family Research 

"Life-span research on the historical family and its func- 
tions as agent of socialization and of social change is 
providing new opportunities to reevaluate the modern 
family. In some ways there appear to be greater historical 
continuities, especially in economic and demographic 
functioning, than^hitherto appreciated. In other respects, 
massive cohort and historical discontinuities are becom- 
ing more apparent (e.g., Brim, 1980). Life-span research 
on the family is inherently multidisciplinary because of 
its focus on individuaf change, social change, family 
'process, generational relations, and bioevolutionary 
change. On a reduced scale of personality systems and 
social systems, it provides all the essential elements of 
the individual change-social change paradigm that un- 
derlies the entire intellectual scope*8f life-span devel- 
opment issues. As behavioral scientists carry forward the 
scholarly momentum of the last decade, as economists 
work more closely on family-related processes with his- 
torians, sociologists, and developmental psychologfsts, 
the foundation for new disciplinary breakthroughs and 
multilevel theory-building may be prepared In any case, 
both multidisciplinary and unidisciplinary social science 
appears to 'be most cumulative when there is a concrete 
link between academic scholarship and "practical prob- 
lems (e.g., rjouse, 1977). Certainly the contemporary 
family, in all its myriad forms and transformations, pro- 
vides that context. * 

^UBLIC.POLICY AND THE LIFE-SPAN 
APPROACH t v 

Life-span orientations in the social and behavioral sci- 
ences have practical as well as academic significance. 
This* view of'constancies and changes in behavior and" 
development across the. whole of life is debunking stere- 
otypes about the aged, adults, and adolescents and chil- 
dren. It is questioning the longstanding assumption that 
age is a reliable predictor of behavior. It calls attention 
to thetv^riability apross personsJn the temporal course 
and consequences of biological, psychological, social, 
and historical events. It emphasizes the malleability of 
personality and behavior in persons of all ages. And, it 
underscores how changes in the societal and cultural 
contexts continually alter the situations in which suc- 
cessive generations and cohorts live out their lives, Re- 
search guided by this mode of thinking is beginning to 
accumulate a base of findings that ultimately might be 
applied to social problems and public policy. Mear^ 
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while, the life-span approach is altering the frameworks 
within which issues of public concern are cast and 
discussed. 



ALTERING THE FRAMEWORK OF AGE-RELATED POLICIES . 

Bernice Neugarten (1979) has suggested that research 
on human development over the life span may move us 
toward an "age-irrelevant" society: a set of institutions 
that responds primarily to abilities and interests rather 
than to age. Such a society would feature social welfare 
and legal entitlements that are tied not to chronological 
age but to individuals' preferences, needs, and capaci- 
ties, it would also include appreciation of the {potentials 
for change and development in ourselves and others that 
would not be diminished by age-based stereotypes. 

Neugarten and others who speculate about the coming 
of an age-irrelevant society have pointed to recent and 
important demographic shifts that may encourage such 
social changes. One is the rapid growth injhe absolute 
size of the elierly American population. Another is the 
remarkable recomppsition of its socioeconomic and 
health-related characteristics, which is forcTng us to rec- 
ognize differences between the "young-old" and the 
''old-old." Persons reaching age 65 in the 1980s are 
ever more educated, healthy, and long-living; and per- 
haps more economically secure. Their cumulative life 
histories are less marked by the Great Depression and 
reflect the benefits ofa generally sound economy and of 
peryasive public health and medical care ia the post- 
WWII years during which they sper*heir entire adult- 
hood (Uhlenberg, 1979). .These faM imply that we 
should think of this and adjacent birth cohorts as qual- 
itatively different from the elderly who were their par- 
ents — the generation born at the turn of the. century 
whose adult lives were bisected by the Great Depression. 

Furthermore, it *s dmong these recent older Americans 
that optimization! research shows apparent potentials for 
performance thatlwe once assumed were not within the 
capacities of the elderiy . Margaret Baltes and colleagues 
.have demonstrated. that residents in nursing homes can 
become more . functionally independent and healthier 
when environments~and staff-resident interaction pat- 
terns are consciously designed to promote these behav- 
iors (see Baltes and Baltes, 1980, (or a review). Judith 
Rodin (1980), in exploring the relationship between the 



1978; Clayton and Birren, 1980). Wisdom seems to in- « 
volve a "mastery of (life's) situations that have resdlted 
in emotional and cognitive .overload ... a balanced view , 
of investment in self as well as in others having 
moved from concerns with things to ideas and from ac- • 
tions to meanings" (Birrdn, 1978). Wisdom has apparent , 
/importance for cross-generational relationships, and as 
such may be* an evolving^ developmental characteristic 
in elderly populations of the future. „. * ' 

Another demographic fact whose implications for pub- 
lic policy can be interpreted within a life-span jperspec- 
tive is the increasing size>^f future elderly populations 
relative"to the sizes of thefr younger contemporaries 
What these older persons can and want to do.has Im- 
pprtant implications for the costs of their healthcare, 
housing, and social security at the public expense— an » 
expense borne largely by younger workers. One impli- 
cation of the life-span approach is that such issues should Q 
be discussed in terms of meeting the needs of specific 
persons, irrespective of. age. Categorically targete < & s as : f 
sistance programs for the aged— presently designated as 
age 65 p many federal programs— m^y actually^ deny 
services to those most in need by dissipating the available 
public funds. Those most in need may include many of 
the very oldest citizens but also children and younger^ 
adults. In an "agerirrelevant'^ society, need based on 
functional capacity rather than on age per se woul4 be 
r the criterion for public assistance (i.e., Neugarten, 
1979). The challenge that life-span thinking places be- 
fore the public forum is how limited capacities can be 
defined and optimized at all ages. But it is a double 
challenge, since the life-span approach seeks to uncover 
biological and environmental limitations as well as latent 
reserves for developmental change. It is just as false to" 
assume that each person can heal or develop herself 
without assistance from others as it is to use age as a 
basis for what w,e expect ourselves and others to be able 
to^o. Life-span social and behavioral research in the" 
1980s faces an exciting future insofar as it can assist in 
discovering the developmental potentials of citizens and 
in defining an equitable basis for public assistance that- 
% reflects functional need. 

Life-span research also underscores the importance of 
reexamining' public programs that are directed at age 
groups and rethinking their relationship to human de- 
velopment. Ope example is social security, for the ad 



stresses engendered by the-elderly's-residential and social equacy of /ifs-funding- depends-upon_eligibilit^ criteria^. 
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settings and health, finds that instruction in practical 
problem-solving has enduring effects in improved mental 
health and longevity. Research on psychometric intel- 
ligence suggests that constructive environments, prac- 
tice, and encouragement caiyiffset or reverse losses of 
mental functions associated with biological senescence 
(e.g., Baltes and Willis, 1981). Finally, we are discov- 
ering* the developmental significance of "wisdom" as 
a performance characteristic in many elderly (Birren, 



and the relative size of contributing and claiming groups. 
Recognizing that many persons— perhaps evefrzfrger 
fractions — over.age 65 could remain productive eotoom- 
ically if their unique capacities were optimally developed 
and maintained, legislators may raise the age of man- 
datory retirement. At the same time, the demographic 
legacy of the "baby boom" and the stabilization of pop- 
ulation change is a large proportion of middle-aged 
Americans over the next decade. Promotional prospects 
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and incentives for socioeconomic advancement could be 
reduced, especially in the middle and later years,. De- 
pending on the growth rate of the economy, increased 
fractions of job-seeking women and adolescents and the 
cry for equity in the distribution of work across minority 
groups may prompt more job sharing arid episodic work 
histories for all workers. Work histories punctuated by 

* periods of school attendance or other activities could 
become more common. Such hypothetical* possibilities 
illustrate another life-span thejrie: individualkare active 
agents in their own development. Public policies about 
employment and retirement, for example, can have a 
major impact on the context for and course of human 
development — development that can be altered by leg- 
islation from decade to decade andjegislation that is 
informed by increasing knowledge abput the plasticity 
and variability of development. \ € 

Life-span thinking influences the discussion of public 
policy through its focus on long-term effects in a chang- 
ing social and historical context. Many of our policies 
about public education, for" example ; assume a close 
connection between what is learned by the ypung — how 
it is learned, student behaviors that facilitate learning 
and acceptable performance— and adults' productivity 
,and achievement in the economy and society. These pol- 
icies assume both that education through adolescence is 
for life, and that the curriculum will nbt become <fijel- 

* evajit or out-dated before age ,55 or 65 when the next, 
generation of productive workers and citizens replaces 
the unproductive and obsolete generation v 

A Jife-span orientation strips the* validity from rfiany 
,of these assumptions^ From the perspective of career 
preparation, the forma^ education of workers over the 
hext decades. may of necessity be continuous throughout 

..adulthood. Recently, the American work force has suf- 
fered periodically from over- and under-supplies of 
professionals and skilled labor Retraining of* adults for 
second or thfcd "careers could help litigate the imbal- 
ances between supply and demand (by shotfenihg the lag 

- between the timing of need in the ^ccjnomy and the 
preparations of adolescents and young adults whose own 
career educati6nal choices often anticipate the wrong 
configuration of future demands). Demographic changes 
'in fertility that will decrease the relative supply of youth- 
fill new k workers may encourage career reeducation as 
a more regular feature of adult life. Should older adults 
return to the classrooms in significantly g reater numbers ^ 



this will make it necessary to alter tlje designs of curricula 
to suit the social and psychological characteristics of the 
ne ; w students. Monies of learning, the scheduling of 
classes, the most effective teaching techniques, the as- 
sumptions that textbooks make about levels of prepa- 
ration — these and other components of the educational 
process that are now predicated on an adolescent and 
young adult sjudent body that is highly age (and cohort) 
homogeneous will require reassessment. 
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Aside from career-related functions of education, a 
life-span approach to the .design <of educational institu- 
tions and facilities would recognize that Jife-long de- 
velopmental potentials create a demand for multiple ed- 
ucational objectives. To be sure, continuing academjc 
and practical trainitig of older adults can be a good Eco- 
nomic investment, given the apparent latent capacities 
of older persons who want to work to do so productively. ^ 
At the same time, education and training that are focused 
on work-related goal^naty not be as relevant to as many 
older persons as to younger ones, given developmental 
shifts in primary interests and motivations. But age itself 
is not the key factor. Depending on the momentary state 
9 of the economy, one's "stage" of family development, 
and a variety of other factors that bear little or no relation 
to age per s.e, one's interest in formal education may be 
avocational. 

The demographic consequence of current American 
fertility will provide a less rapid replacement of older 
citizens by youthful ones. In that context, continuing 
adult education wiil become increasingly important. No 
less tha$ in past decades, the education of oners youth 
becomes obsolescent i^the rapid pace of change in mod- 
v ern society . But without a large supply of newly educated - 
youth toVeplenish the stock of talent and information, 
the nation* will have to turn to its large supply of adults 
and older persons, yfe-span social and behavioral sci- 
ence should be challenged in the next decade to identify 
the Jimits and potentials ©f development acrossoinfancy, 
childhood, adolescence, adulthood, and old age that can 
inform policies for mobilizing the talents of the nation 
and for achieving a high order of well-being in its 
citizenry. # 

PROSPECTS 

• 

Life-span research in the social and behavioral sciences 
i$ challenging old ways of thinking about the course of - 
human development and of aging" Whether or not a new 
behavioral science of life-course processes — a new dis- 
cipline — emerges over the next decade in response to 
these developments, the promise of the, next five years 
is for closer contact and collaboration among several 
existing disciplines, especially psychology, sociology, 
history, economics, anthropology, and biology. Work- 
ing within the Emerging common themes and proposi- 
tions of a li fe-span orientation, there likely will h e a 
productive division of labor. For example, psychologists 
may devote themselves most intensively to uncovering 
ontogenetic processes and behavioral sequences that 
seem to have more general manifestations across histor- 
ical moments* Sociologists and anthropologists may con- 
centrate on understanding how, when, and where age , 
becomes a basis of social organization — how events be- 
come more or less age-related or age-graded; when and 
how a society becomes "age-irrelevant." Economists , 
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'and historians may seek an understanding of historical, 
episodes and cohort cycles that both reflect and mold 
human development as a dynamic life-long process. 
Biologists may pursue cellular aging and the science of 
neural processes as ^reflections of historical changes in 
species longevity anchcohort succession. What should 
be different about the next five years is not that psy- 
* cjiologists will become historians or that sociologists will 
be certified as biologists. Rather a conscious division of 
labor and the recognition of common perspective should 
yield at. least more sophisticated and ecqlogically valid 
^biology, sociology, psychology, and so on. 

To realize the broad academic and practical potentials 
of the life-span orientation over the next decade will 
require a new programmatic research agenda so that trust- 
worthy generalizations can cumulate under the guidance 
of the new perspective. Insofar as one cohort potentially 
ages or develops according to its own unique historical 
and biological circumstances, scientists must b€ able to 
compare the experiences of two or more cohorts. Rep- 
lications of studies — repeating the same investigations 
with the same or equivalent methods — must become 
more common in order to monitor the course and effects 
of historical and institutional change on development and 
to assess the reciprocal influences of individual and social 
changes across successive* cohorts . Longitudinal designs 
and the follow-up of panels. of cohort samples through 



their life-time are essential for. life-span research. Inter- 
vention research and historical and cross-cultural studies 
must be undertaken in order to define and understand the 
limits and potentials of the human condition asit i nteracts 



with and transforms its context over timet This a com- 
prehensive research program, one involving the collab- 
oration of several disciplines and profiting from the spe- 
cial skills and techniques associated with eath. It* calls 
for a sustained temporal commitment from these~col- 
leagues, for the organization and maintenance of lon- 
gitudinal, cohort-comparative projects are ooth demand- 
ing and long-termed. Obversely, it requires a stable base 
of research funding — one that recognizes both the ben- 
efits of long-run prQgrammatic effort/and the need to 
reassess and update the base of knowledge routinely 

It' has been suggested that the social sciences were 
consolidated intellectually in the l/.S during WWII at 
a tirtie when they were challenged to face the practical 
needs of the nation at war (e^g. yHouse, 1977). That was 
a period of cross-dfscipliVmrWcooperation The emer- 
gence of renevved interest in multidiscipli nary scholar- 
ship within the common themes of the life-span approach 
is one sign that the social sciences again may be poised 
to advancf . Surely the practical challenges of the 1980s 
that might focus this sense of new scholarly vision and 
common* pursuit are no less' substantial than those of the 
1940s. If 
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SUMMARY ^ 

Many major research and policy issues require the sta- 
tistical measurement and analysis of sociaj^trpnds. In the 
United States, governmStit officials, .businessmen, schol- 
ars, and the larger public are askedTo address pnjblems 
associated with patternsMn such areas as crime, the birth 
rate, health care, residential change, and the like. The \ 
accumulation of informatioi^about social conditions as 
well as advances in analytic techniques and concepts of * 
"change have greatly extended the ability of society to 
study itself, ks past, and- a range of possible, futures. 
. This essay describes *the .need for measuring social 
trends,. iHij^rate&tbe development of new concepts and 
*1heneed to monitor the assumptions on which projections 
of futulfe conditions are based , and describes cohort &nal- • 
ysis, one of the powerful methods used to understand 
the dynamics of social change. The chapter suggests 
areas in which* models and measures pf change are most 
promising and describes how the ojftnization of the 
national statistical system affects the way that ,we un- 
derstand .social trends in the United States. 

A central question addressed in this chapter is ttbw we ■» 
are todecide which aspects of society to monitor and 
wherehew^-rfieasurement programs anci models are 
needefl- The present body of social measurement in the 



United States is predicated on serving two main interests. 
Measures derive either from* the theories and models* 
about social change that .are formulated by social sci- 
entists or^ they derive from attempts to illuminate the 
problems* and evaluate the policies and programs that are 
important to public or governmentaHnterests. Consid- 
ered together? these two criteria suggest^that the payoff 
to the commitment of resources will be especially prom-* 

ising when interests in explanation and in public policy 
converge. Three areas of inquiry in which the priorities 
of government and social scientists intersect are the 
measurement and analysis of the well-being of individ- 
uals and groups, social inequality, and indicators of sci- 
ence and technology. 

If we are to understand social change and use that 
understanding for policy and prediction, we ifeed to dis- 
tinguish real changes from apparent changes. This ability 
can only be derived from an extende^ period of obser- 
vation of social conditions and events; a continual col- 
lecting of time series, and monitoririg-of concepts, meas- 
ures, and* assumptions; and analytic tools that can. 
identify, dissect, and explain the components of social 
trends. " ' 
The statisticaf measfe&ment and analysis of social 

' change depends on more than careful attention to data,^ 
measurement, and analysis. Ourgapacity to understand 
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social trends rests heavily on public policies and Qn the 
organization of research and development in social meas- 
urement. Among the factors that affect, our ability To 
observe and analyze changes in social conditions are the 
manner in which data are produced, distributo^and 
reported. Understanding sociM change and u^^lnat 
knowledge are impeded when information about social 
conditions is collected without regard to its use for mon- 
itoring long-tern? trends or .with inadequate attention to 
the cbmparability of measures across time or across dif- 
ferent governmental jurisdictions. The chapter recom- 
i mends the continuation of old measurement .programs, 
the replication of previous studies, and the accumulation 
of existing measures of social conditions. 

INTRODUCTION . . 



Yet statistical data alone are insufficient. To deal with 
the* policy demands of a changing society, govenlments 
must have reliable data oq recent social trends, measures 
of the components of change, and ways to understand 
and analyze the data. Without careful attention to all 
three components — data, measurement, and analysis — 
we may fail to recognize cjian^es and trends that are 
taking place or, alternatively, see cHange (or stability) 
where.none exists. „ ■> 
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Questions about social change often appear deceptively 
simple. People, businesses, and governments ask if 
neighborhoods are more or less safe from crime than 
they used to be. Administrators, parents, and employers 
want to know whether high school graduates are learning 
more or less than previous generations. Organizations 
concerned with inequality want, to know whether the 
income differences between blacks and whites, and be- 
tween pen and women, have narrowed or expanded. * 
Governments at all levels must deal continually with^ 
issues related to social changes. 

Many major political issues are the consequences of 
continuing social trends or they stem from attempts to 
manage what are believed to be trends. In the United 
States, • government officials, scholars, and e the larger ^ 
public are asked. to address problems associated with^ 
changes in such areas as the availability of trained em- 
ployees, the quality of schools and housing, the extent 
and consequences of residential migration and unem- 
ployment, and the efficiency of {telivering public ser- 
vices. They ai$o want to know whether the rate of social 
change is accelerating or decreasing. Is the crime rate 
going up at an accelerating pace or is the inner city losing 
population at*a- faster rate each year? To address these 
problems — to observe and analyze changes in these con- 
ditions and on their rateS of change — requires the use of 
statjstical indicators. 

Consider,/for example, the needs for information and 
analysis that the problems of energy will impose. How 
are we to monitor and assess changes in the sources of 
supply and deiiiand, and in the rate.oT depletion of energy 
resources? 'How will energy changes affect population 
migration, life styles, and standards of living? What are 
the consequences of different energy sources for the en- 
vironment, for thg cities, and for social and recreational 
needs? Statistical data are needed to assess the availa- r 
bihty of and demand /or alternative sources of energy 
and the probable consequences of Afferent mixes of tfieir 
uses (Unseld/ Morrison, Sills, and Wolf, 1979)! 



THE NEED TO MEASURE SOCIAL TRENDS 

klark Twain is credited with the remark that everyone 
"talks about weather but nobody evpr does^nything.about^ 
it. Weathef, he wrote, is 4 'necessary to a narrative of 
hutpan experience. . .-But . . . k ought to be the'ablest 
weather that can be Jiad, not ignorant, poor-quality, am- 
ateur weather. Weather is a literary speciality, and no 
untrained hand can turn out a good article of it " Ob- 
servations about stability an4 change are as* fundamental 
to our generation as observations of the weather were 
to Twain's. Yet despite the importance of understanding 
vvfiat-is and i£ not changing around us. we stand, at 
times, as helpless as Twain's- generation before 
weather. f 

Twain's caution that we need "the ablest weather that 
can be had" "can also be applied to the study of socfal 
trends, a subject that has attracted a growing audience 
within the social science community in recent years 
(Bohrnstedt, 1980). This approach represents a change 
of focus frqm a preoccupation wijh attempts to under- 
stand society' as if it were static or timeless to a concern 
fox discerning and-»measuring social change over time 

It is precisely because social change is so pervasive 
that everyone is his own interpreter, validating and mod- 
erating his own observations of social trends. But this 
familiarity does not guarantee accurate interpretation. 
Common sense carr mislead us because if is forced to 
rely on incomplete evidence or partial explanations In 
addition, common ^ sense "quickly accommodates to 
what it sees happening, and hence does ngt know what 
to be surprised by" (Keyfitz, 1980:62). Very often, the' 
clues we receive* about social phenomena disguise or 
misrepresent what is actually occurring. Part of the utility 
of the formal study of sociaj trends lies in exposing the 
fntuitive wrong, even if the argument appears obvious 
to our accommodating perceptions. 

Regular observation and description often provide pic- 
tures of social trends that differ markedly from appar- 
ently reasonable interpretations based on a portion of the 
needed information. Two examples will help to illustrate 
how social science analysis can challenge common in- 
ferences atid reveal mfsperceptidns: the first concerns 
fears about m^asing marital instability attribute^ to a 
perceived rapid escalation of divorce rates; the secBnd 



example pertains to an apparent lack of progress in re- 
ducing income differences between whites and blanks. 



MARITAL INSTABILITY 
*i 

The effect of major social changes on the structure and 
functions of the American family has received consid- 
erable attention in both the popular press and scholarly 
publications. A centraKissue is whether the nuclear fam- 
ily is unstable or even disappearing, as a result of the 
dramatic rise in the divorce rate during the last thirty 
years. Between 1960 and 1978, for example, the annual 
divorce rate— the number of divorces per marriage — 
more than doubled. 

What we conclude about this increase, however, de- 
pends in part on trie points of time we choose to compare. 
An examination of the divorce rate in the United States 
, over the past century corrects an impfewion based on 
divorce rates in the more'recent past. Tfie recpnt increase 
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represents the continuation of a trend which has been 
going on at least since the Civil War (Preston 'and 
McDonald, 1979). Figure 1 "Shows a steady increase in 
the divorce rate since 1870, with major — but tempo- 
rary — deviations from tjiis gradually rising trend. One 
of these departures from this trend affects our conclu- 
sions about recent changes in the divorce rate. After tt\e 
rapid increase following Wo|ld War II, the divorce rate 
fell below the level that could be expected on the basis 
of the long term trend. The marriages of couples who 
produced "the baby boom" appeared to remain intact 
in far greater numbers than expected, The relatively low 
rate of divorce continued until about 1960, whe/i it began 
a slow and then a dramatic increase that has remained 
for more than a decade., Comparisons between the di- 
vorce rates of the 1970s and those of the late 1950s,* 
therefore, contrast the highest divorce rates in recent 
times with rates that run counter to long-term trends. 
Thus, recen^increases viewed solelv in the light of thi^ 
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abbreviated part of the historical record are somewhat 
exaggerated, as are conclusions about societ> that are 
based on them (Cherlin, forthcoming). 

It should also be noted that the annual divorce rate 
represents the Cumulative experience of couples whose 
marriages may span as few as several months or as many 
as seven decades. The annual divorce rates we record 
today do not. therefore, reflect onl> recent changes in 
society. Instead, they reflect changes that -have take'p 
pl^ce over many years but which are poorly detected in 
contrasts between short periods of time or atypical rates. 
In order to obtain a fuller understanding of the changes 
in the divorce ratej^it is useful to examine changes in 
the proportion of marriages cqntracted in a given year 
which have ended, or can be projected to end,, in divorce 
(Preston and "McDonald, 1979). Figure 2 shows* -that 
marriages contracted in 1970 were six times more likely 
to end in divorce than marriages begun in 1860. but only 
about 20 r /c r$pre likely to end in divorce than marriages 
contracted in 1960 Thus, while the chance of divorce 
'for a couple married recently has increased, the nsej^as 
i not been as rapid as the annual divorce rates wo>rra lead 
us to b^liev^e. 



BLACK AND WHITE INCOME DIFFERENCES 

Misinterpretation of trends can also be tiue to inadequate 
disaggregation of the data. Consider, for example, the 
difference between.average family incomes of blacks and 
whites. In 1969, the median reported income of black 
families was 61% that of whiie families; in 1978 it had 
fallen to 59% (Hill 1980). Do these data mean that blacks 
fare worse now than they did at the beginning of the 
decade? Or that society has made little progress in erad- 
icating" income inequalities? 

The problem with these conclusions is that they invite 
confusion of family income with individual income if 
family incomes are compared, the picture is the one that 
is sketched above. However, if tjie average incomes of 
black and white workers are compared, the conclusigns 
are very different. For'the gap between individual in- 
comes has^ narrowed: on the average, earnings of blacks 
1 have risen faster (in constant dollars) than the earnings 
of whites In 1959, the average income of black men 
who held jobs was only 58% that of white male workers; 
in 1977 it had risen to 73%. Black women who held jobs 
earned 64% <of the wages of white female workers in 
1959 ai)d 95% in 1977 (Farley, ^1980). . ' ( 
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The particular puzzle of widening differences in family 
earnings and declining differences in individual earnings 
can be explained by two trends in the composition of 
families. First, and probably more important, the past 
decade has seen an increase among both blacks and 
whites in the proportion of families headed by females, 
but this increase has been more pronounced among black 
. families. Because of the generally lower earnings of 
women as compared to men, families headed by females 
tend to have lower incomes than husband-wife families. 
The second trend is that white and black families have 
been changing — in opposite directions — in terms of the 
number of wage earners in the family. Anibng whites, 
the proportion of families with two or more wage earners 
increased from 54% to 57% between 1969 and 1978, 
whereas among blacks the proportion dropped from 56% 
to 47% (Hill, 1980). 

* In order to understand the black-white income gap, 
we must go be>ond the surface of the statistics to-address 
questions about the units of analysis (e.g., family or 
individual) and ab'out earnings, employment, familv 
composition, and family size. Comparisons based on a 
'single statistical series mav present a misleading impres- 
sion of the nature of the change in the relative incomes 
of blacks and 'whites. . 

If we are to have an enlightened understanding^ 
social change and use it for making policy an<J predic- 
tions", we need to be, confident that we can discern' real 
changes from apparent ones. This confidence can onl> 
be derived from extended observations of social condi- 
tions and events, continual monitorifig of the appropri- 
ateness of concepts and measures, and Analytical, tools 
that can identify, dissect, and explain the components 
of social trends The evolution of concepts and measures 
of social conditions and the need to continually monitor 
the assumptions on which projections of social trends 
are made are discussed in the following section, and the 
use of one analytic approactvto understand social change 
is yiustrated. 

CONCEPTUAL AND ANALYTIC APPROACHES 

Social scientists must remain alert to the, fact that social 
change may render the concepts and measures used to 
understand social trends less appropriate or even obso- 
J^e. Similarly, the assumptions on which projections of 
the future conditions are based can also become outdated. 
A static, system of social measurement would become 
less and less useful; to prevent this, we must repeatedly 
scrutinize our measures and models, and when neces- 
sary, adapt them. In the last fifty years, such transform 
matioris have occurred in the* concept and measurement 
of employment and unemployment. We will use this ca§e 
to illustrate 'the nature of*continuin£ challenges to the 
statistical measurement of social change. 
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NEW OCCASIONS NEEJ? NEW CONCEPTS THE 
MEASUREMENT OF UNEMPLOYMENT 

Throughout much of industrialized history, one of the 
primary toays of characterizing the economy was by 
measuring the economically active/ employed popula- 
ti6n. For that purpose, the working force was defined 
as the total number of gainfully occupied workers in the 

'nation. This concept of the working force, further clas- 
sified by occupation; was especially useful in providing 
information on labor resources (Jaffee and Stewart, 1951 , 
Shiskin, 1976). 

The explosion of joblessness irfhe Great Depression 
substantially changed the usefulnffs of that information.. 
There was growing recognition that trie gainful worker 
concept did not meet the need for information on short- 
term changes in the work force for the concept tyas based 
on the idea that every individual had a customary or 
usual occupation or a relatively permanent economic 
station in life, e.g., housewife, student, or dependent. 
These statuses were seen as customary and unlikely ,to 
change, in tfie short run. hence they required measurement 
at infrequent intervals. The only people who could be 
counted as unemployed were those ^established work- 
ers" who did not have jobs. Excluded from the category 
of the unemployed were those without employment rec- 
ords or status, such as young people entering the work* 
force for the first time. Moreover, housewives, occa- 
s^nafworkers, and those who earned only supplemental 
income were generally omitted. Not regarded as gainful 
workers, they were not counted amopg the unemployed 
when the^y could not find work. The .numbers of the 
gainfully employed were subject tQ attrition through re- 
tirement, injury, death,. and emigration; they were aug- 
mented only through the maturation of young people and 
immigration (Banc/oft, 1,979). / 
. The Degression of the 1930s changed substantially me 
country's rieecfc for information on-emptowient and un- 
employment. Frequent estimates of unemployment were 
needed to replacMhe, infrequently collected statistics of 
the'gairifully employed. Also needed were concepts of 
the work force that would emphasize current activity of 
the labor market and would furnish the government with 
informatics about the number of people who needed 
jobs. What emerged from the government's desire to 
respond to the problems of the Great Depression was a 
different concept of a labor force, one which includes 
everyone in a population above a given rrtinimum age 
who is either actually engaged in gainful employment 
or is looking for work for pay during a specified time 

< period. - . 

Statistics on the gainfully employed focused on the 
usual occupatiop or economic role of the individual. The 
labor force statistics that were established in the 1940s 
focused instead on the individual's behavior relative to 

*the labor market. THere were four classes of labor force 
participation: working at a job; holding a job, though 
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not working because of temporary layoff or other reason, 
withcyat a job and looking for work (unemployed); and, 
finally , not in the labor force. According to this scheme, 
the labor force is the total of those wifh jobs and those 
without jobs who are seeking a job. The unemployed are 
a separately and somewhai independently measured 
group. Under the old scheme, an increase in the gainfully 
occupied implied a decrease in the unemployed. This 
was^not true under the new conceptualization, where the 
number gf both th£ unemployed and the employed could 
rise*scT'long as persons were entering the labor force from 
•the "not in the labor force' \ category. Indeed, the au- 
dience in the 1976 Ford-Carter debate heard Governor 
Carter claim, correctly, that the number of unemployed 
had risen in the most recent month and President Ford 
responded, also correctly, that the number of employed 
had risen. Four years later in the debates between Pres- 
ident Carter and Governor Reagan, the same claims could 

* be heard In both cases, all the information cited was - 
obtained from the Bureau of Labor Statistics, all the 
contentions were correct as the terms "employed" and 
"unemployed" are currently defined and measured 
(Cain, 1979, National Commission on Employment and 
Unemployment Statistics, 1979:' 21-29, 43-56; Webb, 
1979). » • , 

This process of redefinition in the face of changing 
conditions and needs is integral to the measurement of 
social trends. The social sciences, to a far greater extent 
than.the physical sciences, must adapt to new conditions 
and adopt new, improved, or alternate measures (see 
Clogg, 1979). 

But herein lies one of the most difficult problems to 
be 'faced in |fie*study of socfal change" how can the 

* " concepts and measures of a social phenomenon be re- 
^ defined without also destroying the comparability of 
measures and disrupting the statistical time series on 
whicH^so much of the^study of social change is based? 
For example, what current measures of the labor force 
can be compared with measures of the gainfully em- 
ployed collected prior to 1940? Or, to return to the pre-, 
vious examples, how could we alter our concepts or 

^ measures ^of the* divorce rate or of personal or family 
income without endangering our ability to understand 
long-term changes in these social phenomena. In short, 
how can we reconcile the pwesmg need for updated 
measures of current levels of fecial phenomena with the 
competing nee;d to maintain continuity with baseline 

* - measures? 

Although there are no universally accepted solutions 
to* this problem, two strategics promise to provide the 
basis fordiscussion and future developments. Firet, those 
• • who support and collect statistical time, series must resist 
. changes in conceptualization and measurement that are 

offered solely for the sake of change, as v^ell as untested * 
- small "improvements" in the instruments used to collect 
information. It is better, to continue to use a measure* 
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with known measurement error than to replace it with 
an untried innovation. It is easy to forget that "breaking 
new ground" in the conceptualization and measurement 
of social conditions may damage the foundation of the 
data to assess how those conftitig>ns have changed. 

When the development of new concepts and measures 
is imperative, as iris likely to become for many social 
phenomena, a second set of solutions can be used to 
reconcile the competing needs fpr updated anci compa- 
rable measures. 

First, old»measures should be overlapped (i.e., con- 
tinued to be recorded along, with new measures) until 
these new concepts and measures are well understood 
and their relationship with old measures can be cali- 
brated. In this way, a bridge is built between two series 
of information measured by different instruments, allow- 
ing analysis of a continuous time series that is uninter- 
rupted by changes in measurement. 

Second, indicators whose meanings have changed 
^should not be summarily discarded. Adjusting^ index- 
ing to a^constant meaning is a useful technique to bring 
current measures in a series in a closer approximation 
to the metric^on which the subject was previously based. 
Measures of trends in "constant" dollars, for example, 
attempt to adjust Tor tfiat portion of an increase attrib- 
utable to inflation. 

Yet*another way jo* meet the needs for replicated and 
redefined measures is to collect and distribute informa- 
tion in a form that does not solely reconstitute or recode 
the new data in the series^. Numerous private and public 
surveys and 'the current, Census of Housing and Popu- 
lation, for example, ask a series of questions about the 
occupation of respondents or of other members of the 
household. The information provided in response to 
<hese questions is usuajty reported or releas'fed in the form 
of occupational codes. JVhen these codes or classification- 
schemes are changed to reflect changes in jpbs and their 
classification, as in the 1980 Census of Housing and 
Population, real'changes in the condition being measured, 
cannot be disentangled'from the artifactual changes pro- 
duced by^hanges in classification codes so that they can 
be joined to previous observations ip tlje series. Provid- 
ing the verbatim responses to these questions on the data 
tapes released for public use as well as the new codes 
woulcj permit recoding of the new information consistent 
with that for previous surveys or Census'es, thereby pre- 
serving the continuity of measurement necessary to as- 
sess change in the occupational structure of the United 

States. s . * ' 

* • 

. MONITORING ASSUMPTIONS. PROJECTION OF PRISON 
POPULATIONS , 

We have already seen that the adequacy of concepts and 
measures can change along with the conditionsjh^y are 
designed to reflect. Similarly, the validity ofthe k as- 



sumptions on which models and forecasts are made can 
also change. It is therefore as necessary to monitor 

t changes in the variables on which these assumptions rest 
as it is to record changes in the social conditions and the 
instruments used to collect that information We illus- 
trate this point with the case of projections of the prison 
population The commitment of government resources 
to the development of prison facilities must be based, 
in part/on estimates of the number of people likely to 

. be imprisoned. These projections, in turn, are based on 
an understanding of how the size of tfte prison population 
is affected by the interaction of the criminal justice sys-, 
tern and the dynamics of population change. 

There are several w ays to project the size of our future 
prison populations The method used here, to project 
how prison commitments in'Pennsylvahia'are expected 
to change between now and the >ear 2000, is based 
primanlv on calculating the transition probabilities of 
going from, eg , arrest to conviction, and conviction 
to sentencing for gpecific sociodemographic groups in 
the population (BWImstein, Cohen, and Miller, 1980). 
Whether that pnijection will be correct depends on the 
va|idity v ^-the / assumptions used. 

Figure 3 presents a projection based on this technique. 
PennsvlvaRia'^prison population can be expected to in- 
crease between 1980-1990 and to decline thereafter, as 
those age cohorts and sociodemographic groups most 
Jikely to be imprisoned decline in relative^and-absolute 
/lumbers in the population. The technique restston the 
assumptions used to project the, future s»tate population 
and the probabilities of arrest, conviction, and sentencing 
for various sociodemographic groups in 'Pennsylvania. 
These assumptions pertain.to change in the levek-and 
rates of birth, death, and migration as well aj^nanges 
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in transition probabilities noted above. (Though not 
s;hown here, the probabilities of arrest, .conviction, and 
sentencing by different age, sex, and offense groupings 1 
can be disaggregated and used to estimate when specific 
types of offenders will reach their maximum population 
in the prisons. 'Such projections ma> be extremely useful 
for planning the future constructioFTof specialized prison 
facilities.) m 

The strength of this technique lies in the fact that short- 
term population projections are based on knowledge of 
the size of cohorts already born. The assumptions about 
changes in the level and rates of births, deaths, and 
migration' are fairly robust, as the rates tend to change 
slowly and cyclically. The weakness of the technique 
lies in the assumption of constant or time-invanate tran- 
sition probabilities. • \ 

The implications of this assumptjpn for project n^/are 
important. If the criminal justice svstem remains un- 
changed (e.g., these transition probabilities r^nain the 
^same over this period), the prison population of Penn- 
svjvania will decline after 1990. But the probability of 
man> of these events is likely to change. The average 
sentence length mav change substantially, for example, 
due to new legislation or changes injudicial and admin- 
istrative policies. Perceptions of tjie seventy of offenses 
mav alter. And changes in the size of pnson populations 
(e.g, are thev over-crowded?) ma> influence judges' 
decisions whether to sentence convicted offenders to* 
' pnson. ' \ 

There are several additional assumptions on which 
these projections are,based For example/this particular 
analysis assumes that except foV race, sex, and age, sim- 
ilar rates of criminal arrest^conviction, and sentencing 
can be applied to everyone. Another and more technical 
assumption is that the probability distributions for both 
the time served in prison and the number of prison re- 
ceptions are exponential and that fhe prison receives in- 
mates at a constant rate during a short penod of time: 
In making these assumptions about the distribution we 
must also assume that the average timeip^rison remains 
at the 1975 level in each offense and sociodemographic 
group. 

The implication to be^drawn^om the discussion of< 
these assumptions is not simply that forecasts based on 
transition probabilities (or other forecasting techniques) 
are inherently difficult, although the mafjy failures in 
forecasting provide strong evidence for that conclusion 
(Ascher, 1978). There are several additional implications^ 
as well. First, we can learn from forecast failures, but 
only insofar as we use the future as a test of the Impli- 
cations of the model. And, second, we must continually 
monitor the indicators that underlie projections. If the 
average length of sentence changes, for example, an 
appropriate adjustment in our model will be required. 
If we discover that we have ignored some important 
(jauses of change in the social phenomenon being pro- 
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jected, the model should be redfced to incorporate them. 
Or conversely, by altering the,fransition probabilities we 
may see how the future size of the prison population is 
affected, and then decide how resources can be allocated 
more efficiently. ContiQual monitoring of the compo- 
nents of the model and the projection of alternative fu- 
tures through the statistical manipulation of different 
assumptions can help us to prepare for, accommodate 
to, or perhaps even change the future. 

Projections of this kind can reduce the range of un- 
certainty about the future and contribute to the consid- 
eration of public policy decisions. Insofar as their as- 
- sumptions are made explicit, such projections contribute 
to our understanding of the mechanisms and processes 
of social change. Continual attention to fundamental 
variables and the validity of assumptions is a small price 
to pay for that greater understanding. 

In addition to illustrating one of the many tools avail- 
able for analyzing social change, the prison projection 
example also indicates the theoretical and' practical im- 
portance of the size and composition of birth cohorts as 
they move through the institutions of society. This kind 
. of knowledge contributes to our understanding of the 
dynamics of change in prison populations and in the 
status of social 'institutions such as the social security 
system; in addition, as Richard Easterlin has argued, 
(1980), it may contribute to our understanding of life 
- chances in such realms as pceupation, education, in- 
come, mamage, and childbearing., The study of birth 
cohorts *as they age through differing historical periods 
has yielded/an analytic concept that contributes consid- 
erably to the statistical analysis of social'change. 

MODELS FOR THE ANALYSIS OF SOCIAL CHANGE AGE. 
PERIOD* AND COHORT EFFECTS 

* The analysis of age, period, and cohort effects provides 
a way of understanding how social change .occurs. 
Changes related to an individual's age are 'called" age 
' effects. Changes brought about by external influences 
and events that occur during' the same time period to 
people all ages are called period effects. Changes, 
attributable to generational changes are called" cohort 
effects. (A cohort is a group of people who experience 
the same event at the same time; most frequently, a 
cohort'is used to«refer to those individuals who«are bonf 
during a particular historical time interval.) This. mode 
of analysis attempts to examine specific social trends in 
terms of these three general components. To illustrate 
how the analysis of age, period, and cohort effects has 
helped in understanding changes in diverse social phe- 
nomena ,we offer two distinct examples: changes, in at : 
titudes toward racial integration, and changes in the pat- 

^ * tern of cigarette smoking. + 

" Accbrdin£to one widely used set of o measures of at- 
titudes toward racial integration, the support 4 for^nte- 
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gration has risen steadily in the United States since the 
late 1950s and early 1960s. Approval of white and black 
students attending the same school rather than separate 
sphools has climbed from 49% in 1956 to 88% in 1980. 
Opposition among whites to a member of their family 
inviting a black to dinner has fallen from 50% to 26%; 
opposition to laws prohibiting interracial marriages has 
leaped from 37% to 69%; and opposition to whites keep- 
ing blacks out of neighborhoods h&s climbed from 44% 
to 67% between 1963 and 1980 (Smith, 1980; Davis, 
1980, Taylor; Sheatsley, and Greeley, 1978). 

What underlies these changes in attitudes? In part, all 
age groups of the American public have become more 
supportive of the integration of schools and neighbor- 
hoods and an increase in the social relations 'between 
whites and blacks But this general shift explains only 
a small part of that change, accounting for only about 
10% of the total attitude change on racial integration 
between 1963 and 1978 (Taylor, Sheatsley, and£reeley, 
1978:48). 

Far more important in explaining the overall change 
of attitudes toward racial integration is cohort succes- 
sion. As an older generation dies and younger cohorts 
matur^o adulthood, these newer cohorts come to com- 
pose a greater proportion of the general population To 
— m extent that their attitudes differ from those pf their 
predecessors, there is dc change in the mix of attitudes 
9 in the population. This succession or replacement of 
cohorts accounts for nearly one-half (47%) of the total 
change in racial attitudes between 1963 and 1976 (Tay- 
lor, Sheatsley, and Greeley, 1978:48). 

The analysis of the cigarette smoking patterns of 
women in the Unitd States also illustrates the use of 
cohort, age, and period distinctions" in understanding 
trends. Estimates of the prevalence of current cigarette 
smoking for successive birth cohorts of women for the 
year 1900 to 1978 are displayed in Figure 4. Each line 
in the figure represents the smoking patterns of women 
born in a specific deca.de. For example, women born in 
the decade (1901-1910) Smoked considerably mor£ than 
women prior to the turn of the century. Each successive 
cohort contained more women who smoked than the 
previous cohort, until a slight decline set in with the 
cohort between 1951 and 19(50 (United States Surgeon 
General, 1981:31-34). 

These data illustrate the existence of an age effect 
because the curve for each birth cohort follows the same 
general pattern — a rise in late^adolescence followed by 
a decline. ThaU is, for each cohort the prevalence of 
smoking "increased with -age up to a point and then de- 
creased. Period effects can also be seen. During the 
1940s and 1950s, smoking increased for every adult co- 
hort except the oldest; during the most recent period, 
however, smoking declined for several cohorts. And a 
cohort effect is also suggested, because the likelihood 
that a woman smokes appears partly to be a function of 

267 . ■ 



WOMEN 









821 






1 

1 


r 






♦ 




















19 


n-20 v 














I 194.1 




1901 •* 
f 
















1900 

V 


h 




J 




i 





1900 1910 1920 1930 1940 1950 i960 1970 1980 



YEAR 

Figure 4 Changes m the Prevalence of Cigarette Smoking among v 
Successive Birth Cohorts of Women. 1 900- ! 978 

Source Calculated from the results ol over 13,000 Interviews conduced duntig the last two 
quaners of ?978, provided by Division of Health Interview Statistics , U S National Center 
for Health Statistics as reported in U S Surgeon General (1981 34) 

the year in which she was born. Smaller proportions of 
women born early in this century consistently have been 
less likely to smoke than subsequent birth cohorts at . 
similar ages and for each perioenjy^^centyry. 

Although it is enlightening ^r^iote the existence of 
each of these three types of effects, social scientists are 
often more interested in the underlying sagj0[ processes. 
For example, the difference in attitude toward racial in- 
tegration between the young and the old is due in part 
to the fact that young'er cohorts during this period were * 
more highly educated than their elders. Because the ed- 
ucated tend to be more supportive of racial integration 
than those who are less well educated, the replacement 
of the elfterly population with a generation of highly 
educated young people increased^ support for racial in- 
tegration. But in addition, quite^ipart from their greater 
education, younger white cohorts have been exposed to 
a different set of experiences, which have prepared them 
to support integrationist positions. Uncovering these ex; 
periences is a major objective of researchers who use 
age, period, and cohort models to understand social 
change. 

It is difficult to develop models that can identify and 
separate the three effects because any two define the 
third Fof example, given a particular period and specific 
cohort, age is knowri and invariant. Given a cohort at 
a specified age,' only one period is possible. Because of 
this interconnection, one of the three effects is generally 
ignored in -analysis. Recendy, however, statistical models 
have been developed to permit improved accounting for 
all three types of effetets (Mason, Mason, Winsborough, 
and Poole, 19>3; Pullum, 1977; Fienberg and Mason, 
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M978; Mare, 1980). Using simple but' apparently sound 
assumptions about the operation of age, period, or cohort 
effects, researchers have applied log 'linear and logit 
models to develop distinct estimates of the magnitudes 
of each effect in specific empirical situations. As these 
methods are employed more widely,' there is reason to» 
hope for advances both in our technical ability to disen- 
tangle age, period, and cohort effects, fcfid in our knowl- 
edge about how and why social changes have occurred. 

Age, period, and cohort effects and transition prob- 
abilities are but two of many.analytic and statistical tools 
used to study the causes and consequences of .social 
trends: The techniques are applied to different types of 
information. Typically, age, periodl and cohort analysis! 
has been used to analyze cross-sectional data, i.e., data 
collected from a sample of subjects during a relatively 
short period of time. Projections based on* transition 
probabilities rest, in part, on an analysis of panel cjata, 
i.e., data based on repeated observations of the same 
•subjects over time., When measurements of social change 
.have accumulated a sufficient number of su^ctessive ob- 
servations, whether panel or cross-sectional, the range 
of analytic tools /or analyzing social change increased 
Statistical techniques that can discern the cyclical or pe- 
riodic components of trends based, on series of 100 or 
more successive observations have been developed and 
used in the social sciences, e.g., in historical demog- 
" raphy and econometrics (Lee, 1975; v McClearly and Hay, 
1980; Mayer and Arney, 4 1974). For the somewhat 
shorter series of observations that are more usually avail- 
able to social scientists, dynamic regression or structural 
equatfon models may be applied (Ostrom, 1978); for a 
systematic development of a theoretical framework jus- 
tifying the application of specific classes of these models 
to social inflicator time series, see Land (1979). 
<fe Like all statistical methods, these time series tech- 
niques rest on numerous assumptions, some concern the 
presumed causal relationship among aspects of social 
t change; others pertain to the'metric by which social con- 
ditions are measured; and still others concern the statis-. 
tical characteristics of the series. Social scientists, in 
collaboration with statisticians,' are developing methods 
to assess the accuracy of these assumptions, in addition, 
thfcy are developing techniques that make it possible, 
statistically, to relax the assumptions or to transform the 
data in»ways thatme^t those assumptions (Scheffe, 195$; 
Tukey, 1977; Fiertberg, 1977).. these methodological, 
developments have been aided by advances in statistics 
and in computer hardware and programs. Another key 
. step has been the accumulation of time series to which 
scientists can apply these and other techniques for dis- 
secting social change. 

Thus far, we have tried to show how the understanding 
of social trends^is dependent on the concepts, assump- 
tions, and techniques that are used fo study and analyze 
those changes. These, in turn, depend on our choices of 
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what to measure, i.e., the subjects to study. These 
choices wiH be jthe focus of the subsequent section, set- 
ting aside equally important issues of determining how 
well our instruments measure what they are intended to 
measure. 



PRIORITIES FOR MODELS AND MEASUREMENT 

The study of social change, like the studf of.other ptrfs- 
ical or social phenomena, necessitates choices among 
those aspects that can be modeled, measured, and ana- 

. lyzed systematically. The first task for Rublic^policy and 
research is' to select which aspects of society should be 
investigated or monitored. In other words, what are the 
major problems or issues m'social change that merit new 
and continuing attention? In the United States, the major 
problems and issues in modeling and social change de- 
rive from two principal sources: (1) the theories and 
models about social change that are formulated by social 
scientists; and (2) attempts to illuminate the problems 
and evaluate the policies and programs that are important 
to public or governmental interests. 
Many^social scientists give high priority- to the col- 

jection of information about social conditions that con- 
tribute to our understanding of how society changes. • 
Models that emphasize the relation of social conditions 
to change often require the development of new concepts 
and the collection of new information. Models of the 
effects of scientific and technological innovation, for* 
example, have generated efforts to measure scientific 
productivity and have focused the attention of scientists 
on th^ social, political, and economic causes and- con- 
sequences of mnovation in science and technology. Sim- 
ilarly, models of occupational mobility between gener- 
ations have led to the measurement of the status accorded 

. to different occupations in advanced industrial societies. 
Models of social change must be testad by empirical 

^ observations. Deductions from the models, o^projec- 
tions of charge based on them, are tested by the appli- 
cation of analytic techniques to data, many of which are 
based on % repeated observations of social conditions. 
Where such indicators (i.e. , the data) to test the<te models 
existrhigh priority is given to their continued collection; 
where they do not, high priority is given to their develop-, 
ment. In short, an important criterion for choosing which 
aspects of social change to study is relevant to the theo: 
retical growth of the social sciences. The development 

* of conceptsphd ways to measure thetn, and of methods 
ao test and analyze social change are part and parcel of 
.designing and testifig substantive models of social 
change. ; v . * 

m The ppbhclindnheir'governments approach the prob- 
lem of collecting information about society somewhat 

. ^differently from that of social scientists. Governments 
gather information pertaining to the choices they must 



make, and may choose to focus only on matters that can 
be changed by conscious government action. The most 
obvious candidates for the development of measures are 
those elements of society for which governments estab- 
lish goals and design programs. In the 1960s our society 
gave increased priority to issues of inequality and dis- 
crimination; pertinent measures were developed and used 
in public policy (United States Commission on Civil 
Rights, 1978). Currently, thfi issues of industrial and 
scientific productivity are perceived as urgent and de- 
mand the development of new (and the scrutiny of extant) 
concepts and measures. To make rational social choices 
about goals and programs, governments have established 
programs to monitor conditions such as health, nutrition, 
housing quality, crime, education, employment, income, 
and standards of living and have collected information 
about births, deaths, marriages and numerous other phe- 
nomena. Large-scale social experiments (see the chapter 
by Jucjith Tanur in this volume) have added to this in- 
formation. Data collections have illuminated many issues M 
of public and private interest, including political pref^ 
erfcnces, religious affiliation, consumer confidence and 
plans, racial' attitudes and practices, and the use of goods 
and services. Ahc} national polls on a >briety of issues 
have provided what amounts to a contmuing national * 
referendum of important concerns. i , 

Returning to the question that openecTfhis section— 
which indicators of social change should be given prior- 
ity ®f attention andresources? — we find that two answers 
predominate. One is^hat tho^se indicators and method 
of inquiry .that are essential td develop atid teSt the more 
. promising models for understanding sociafl" change merit * 
high priority. The other is that those problems and issues 
that require resolution within the public and itsgoverning: 
structure should have an especially high priority. Con- 
sidered separately, each answer offers little guidance to 
resolve their competing claims f6r limited resources. As 
a general rule, however, the payoff will be especially 
high w|fc the interests in explanation and public policy 
convene (see\de NeufvHle," 1975:239-247). There are* 
at least threg^slibstantive areas in which the priorities'of 
government and social rfiehtists for the development of 
measures of social change |£ equally high: Individual 
and colfective well-being, social inequality, and science 
ancfrtechnology. / . 

INDIVIDUAL AND COLLECTIVE VVELL-BEING • 

Social scientists »ahd policy makek w|sh to model and 
measure changes in both individual, and collective ♦well- 
being. Considerable progress has been made in meas- ( 
uring changes in the subjective states of individuals— 
such as their aspiration*, perceptions," attitudes, apd.^ 
opinions— and in their objective circumstances aVex-, 
pressed by Mncome, housing, or level of education m 
(Campbell, Converse, and Rogers, 197£). Less wfell* 



understood is the relationship between changes in ob- 
jective and subjective measures of individuah.well-being 
and the chtinges in the well-being of organizational lifer. 
We know 'more about changes in small groups 'such as/ 
households or families than we da about changes in social 
networks or in formal complex organizations, ^nd we * 
know little about how organizations originate,' 'flourish 
anji difc, how their relationships with people^ or other* 
organizations change, * and what the consciences of 
m those changes are jbr the collective well-being of society. 
One of the major public ioncerns of our time is the 
capacity oflgovernment and our free-enterprise system 
to meet the'aspirations of our citizens. Though there is 
mi|dH agreement that aspirations havejrlade increasing 
demands on the society's capacity to meet theiru we have 
few if any models that explairt the relationship between, 
M / aspirations and capacity Nbr do*we havfc any viable * 
models of the ways'in which organizations, including 
government, limit individual aspirations so jhat they do 
* -not endanger, the collective capacity to satisfy them. 
What is .the relationship among unmet aspirations, mass 
discontent, and political Action? (See Hirschman, 1973 
for a noVel approach tp this Subject.) How Ho softies, 
limit aspirations to avoid chronic conditions of aqomie?. 

A second' major public, issiie is tht guality of life — % 
both 'of individuals and collectivities. We need to un- ' 
- derstand better, for example, whether changes in so- 
^ ^ called Objective'* conditions of life make people hap- 
* pier, more content^ or satisfied with their lot. Research 
suggests that we cannot assume that changes inxbjective^ « 
living conditions will produce changes in subjective eval- 
uations of well-being (Campbell, Converse,' and" Rodg, 
. yt ers, 1976; Easterlin, 1979; Quinn and Staines). \ ' 
- Although our understanding of changes 'ill individual 
^well-Wing and the .relationship betweeapindividuar as- 
pirations and collectiv^'capacities to satisfy those aspi- 
rations may be descijbed as meager, puf understanding . 
of changes^in collective states of society is even more 
fiftiited. We need to understand, *for_exam*ple, not "only - 
" how crime affects the lives of individuals but also what 
its consequences are 'for neighborhoods, communities, 
and the 'differeni'.organizatiens 'within them. Concepts 
such as justice or social cohesion are not reducible to the 
lives of a society's individual members nor can they foe 
• measured- pimply as the sum'of observations on inSivid- * 
.uals. An'jmjrease iii xlivorce, to cite an example that 
• ' .Remonstrates individual and collective properties is both 
>* a change in tfie status of* individuals and a„change in 
. ^ the social relationships and organizational structuje, in x 
society Each djvorce increases th^ number of single- 
person households and decreases the number of two- or " 
, 4 *jn6re person households and families. # changes the 
relationship of husband to wife, of children ta parents, 
oftnsurers to insured, ^s^fcvell as the taxable incdmstmct 
legal status of all parties: ^ 
i ♦ ' % At present, the significance of changes intheqollectivp 
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states of society js poorly conceived, measured, iyid re- 
ported. Yet these concepts represent some of the most 
important elements one* wants to know about -societies 
and how they change. W know little about the demog- 
i#phy o'f organizations, the conditions under which they 
flourish or die, the changes in their relationship to each 

* other, and the size and composition of their membership. 
We have yet to obtain comprehensive information about 
the female and minority composition of» organizations 
and are therefore uiiable to calculate changes in tiae rates 

„ of compliance with laws intended to eliminate OTscnm- 
ination. Nor are we able t% assess changes in the rates 
at which the hiring practices of organizations are chang- 
• ing — a statistic for'which aggregated information on in- 
dividual employment is not suitable. Surely, it woald.be 
unwiSe to abandon attention to measuring changes in* 
individual states "and their- consequences for collective 
well-being. But models and measures^f collective states 
of society, based on the, behavior of organizations' as 
well as thar of individuals, are at least equally important. • 

In, s short, welhbelng is a complex social phenomenon 
that* eludes simple classification and measurement. It is^, 
a^roperty inherent in individuate and in the collective 
life of society, and it requires measurement of subjective * 
artd objective conditions. CJearly this i$ a rgsearch^rea 
in wjiich-a great deal of work needs to be done. (Quality 
of life wfll be measured beffer^vhenave know more about 
whafrmaKes people satisfied with their livc^and their 
living conditions, jhat titter understanding, m'turn, will 

, improve our measures of the quality of life for individ- 
uals. But \v;e must^also understand how collective well- * 
Being depends upon the quality of organizational hfe. x 

SOCIAL INEQUALITY \ , k 

Social inequality is*a jpajor theoretical issue in the social 
.sciences. Such matters a& tfie,redi$!Vibution of income, 
and tb'e indivi^uaj^and' collective consequences tff a^sys- - 
tern of "rewards , and opportunities based on criteria of 

fc achievement or ascription, are studied -from, the per- v 
speotiVes of many cyscipline& ; Political scientist^are con- 1 
cern$i with the coniSquences of inequality in goliticai 
participation for democratic authority? Psychologists 
model the subjective consequences of inequality*. ECfon- 

6 omists include it in models of the. aggregate economic 
performance of nation's.* Each o? these*areas # ha& wtfe 

, 1ieadway*in developing indicator ttfat permit some meas- 
ure of changes^ ill inequality. Yet in each there is a press* 
iHg»need to develop more sensitive., refilled r^nd accurate 
jrtdirfatDrs t of changes ir\educatipn that'gft beyond inj- 
ures of the nurfiberrof years 9f school^ sttenaed', of * 
changes in wealth thpt include more than measures of 
earnings, andof change* in the equity of treatment before;: 

"*,the law thVi^clude morSMhan the raffed of conviction, 1 ° 
sentencin£,t.and parole for different 'racial o^socioeco-" 
^omjc groups -in society. ' . * 
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More progress has been made in describing inequality 
than in understanding hgw it ch^pges; however. Socjal 
scientists need* models as well as measures of social 
inequality to expjicate^its causes and- consequences. It 
is reasonable t6 expect that policf needs for measures 
in this* area" will continue. Courts can be expected Jo 
' continue to use indicators of equality of treatment before 
1 the law. Legislative and administrative officials will con-* 
' , tinjje to rely upon "measures of social inequality to de- 
termine how resources shall be allocated among com-, 
petlng social* program's. Anchboth scientists" ^hd 
1&#inist;ators share ,an interest iq, whether planrled social . 

# changes or. $g>cial programs will have intended or unin- 
lefMed* effects on the* distribution of resources in our 

. , society ^ 

INDICATORS OF SCIENCE AND TECHNOLOGY • ' 

Explanations bf social change may incorporate any num- 
ber of factors, and it is now geitfrally agreed that science 
and technology deserve a promin^it place in these 
models.' Wc need to know how developments in science 

. and technology may lead to changes in economic growth 
or fertility rates, and*, reciprocally, how changes in public 

1 policy, affect science and technology^, put despi^ the 
importance of these areas in understanding social trends, 
relatively little effort has been demoted to the statistical 
'measurement and explanation of the ways in which sci- 
% C enc'e afld technology cause and are affected' by social 

■ change. There is, for example, a paucity of causal models 
to explain how different kinds of science and technology 
^ffect- rates of economic growth., Nor is much known 
about the economic effects of the technologies associated 

* * with, research and development in the social sciences: 

> managemenrtrainiflg. programmed language instruction, 
* educational testing and career counseling, economic 
forecasting, and computer software all owe muchto^q- 
t cial ffcience research but their effect on the economy and. 
> * society is not well understood . 

Central to an jflcrfeased understanding of the role of 
science and technology in-socfiaCchange ^the^ devel- 
opment of measIJBfcpr use in models of social change 
. or in" the all^atic^H resources. Four generaUypes of 
science and tethij^Be indicators afe needed; (1) those 
designed to%stablraHRid % evaluate science and technol : 
ogy policy; (2) those that describe the public's under- 
standing of and support for science and technology, both 
as policy and as ? technique for understanding thasociai, 
physical, and biologicafrworld; (3) those that permit us 
to understand the social organization of science and tech- 
nology; and (4>those-that explore the impact of science 

t 
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and technology on society. 
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Science and Technology Indicators for Public Policy 
Tfie^most well-developed set of science and technology 
O tficators areTttiose relating J to the development of sci- 
\r • • . ... • ' O 



ence'policy. Their importance was emphasized in a Jan- 
uary 1981 article in Science by Dr. Frank Pre^s, wfco f . ^ 
referred to science indicators as one of .the major sources * 
of information used in making judgments about science' 
'policy (Press, 1981).- Dr^Press specifically mentioned 
the importance of the National Science Board's Science 
- Indicators volames, which provide extensive informa- 
tion about the level of research support and the current 
. • cohflitions of science and technology in the United States 
(National Spience Board*1973/l975, 1977, 1979). 
The 'Science Indicators volumes aje important for sev- 
. # eral reasons. First,* they provide a continuing record of 
trends- in the social organization of science and its re- 
' source base; this information Is essential for developing 
and assessing science policy. Second , <r they contain in- 
dicators that can be used far the various objectives of 
' government, industry, the academy, and the media. Each 
volume reports trends in the allocation of resources 
1 across scientific disciplines and research sectors; changes 
fn the public,and private management of research and 
development, and measures of the current and prpspec- w 
five status pf scientific and technical personnel and train- 
ing/The'volumes also include indicates uied for inter- 
national comparisons of the growth and consequences 
of science and technology, such as measures of the bal- 
tmce of payments, patents registefed, and' investments ^ 
in various types of R&D. * • ^ v 

THird, the Science Indicators volumes ffcus attention 
on the production, analysis, and usfe of information about 
science and technology, ftndxheir proration stimulates 
collaborative efforts to develop appropriate information. y 
The^National Science Foundation staff who produce the^ 
report have cooperated with those who use ^nd analyze 
- the indicators and these joint ef^tts have enhanced the 
* . caliber-of the infocmation collected and reported in these 
volume^. After critif^m of an early volume for its data 
ysed on public attitudes toward science, for example, • 
the National Scienc§ Board commissioned a major re% 
view of the subject; <his led to a<conside_rably expanded • 
data .collection effort that di*w from models of the way 
in which public opinioa is articulated in the United 
States. The ^information on publfc attitudes toward' scku^ 
, eaee that is drawn from this new survey will-be published 
in Science Indicators I980[ The collaboration between 
the Foundation, the academy; and other government 
agencies has.also been reflected irt regular review sym- * 
posia and publication on the Science Indicators volumes 
sponsored by the Social'Science Research Council's Sub- / 
committee* 1 on^Science and Technology Indicators (El- > 
kana et al., 1978; Zuckerman ahd Miller, 19£Q). (See 
Knowledge,, vol. I (4), for a discussio/i of other stience , 
indicators research activities.) 
' ' The usefulness of the work in the United States in 
science indicators for public policy *has contributed, to t 
a growing international interest in indicators of science 
..and technology. The Organization for Economic Co- p 
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operationsand Development (OECD) recently concluded 
trjeThird of a series of workshops and conferences for 
refcpsentatives of member countries on scieoce and tech- 

# nology indicators Resent plans call for the organization 
to produce a biennnft report on science and technology 

• * indicators (Science Resources Newsletter ^\ 980). 

Despite the attention to and research in the develop- 
ment of this areU there.ar&still major measurement prob- 
lems. The focus of research — and consequently $lso of 
. the Scfence Indicators volumes — is concentrated m£re 
] oh indicators of science than on measures of technology. 
There are very few measures of the knowledge and in- 
novations yielded by science and technology v Indicators * 
" of funds and personnel for R&D irj science and tech/ 
nology are considerably fetter developed than indicate^ 
of t]ie products or outputs of R&D activities. fi^Drove 
our understanding of the 'status, and prospects of stance 
and technology, measures of inputs ana 1 outputs are 
, needed There is also a need to disaggregate indicators 
into, specific sciences, scientific specialties, and topics 
of study For example, civilian expenditures for tech- 
^ nological R&D should be separated .from* expenditures 
for defense; this would help not only to target govern- 
ment programs but to understand processes of scientific 
and technological change. , * * 

Public Understanding cm^L Support for Science 

To limit science and techriology indicators to such meas- 
f ures as manpower, expenditures, or the number of reg- 
istered patents would unduly restrict our understanding 
of the role played^by science^and technology 113, affecting 
social change. It would also limit our understanding of 
ivhy science and technology policy changes as it does. 
Science operates within a public framework. Public un- 
derstanding of .science— its interest in and* support fof. 

♦ scientific work^-is essential to the growth and devel- 
opment of the enterprise. Knowledge of changes in this 
public framework provides a base for developing and 

, evaluating policies on scientific research and education; 

* italso provides a foundation for understanding the chang- 
ing relationship -between the public and the- scientific 

" community (Dctedulus, \§78): . 

Again, there has /been some progress in the develop- 
ment of concepts and measures: concerning this aspect - 
of society and -technology.' Indicators of public under- 

* standing of science*may be found in a number of sources, 
including the Science Education Data Book produced hy 
the National Science Foundation, and trends in students' 

* science scores provided by the National Assessment 6f 
Educational Progress (National Science Foundation, 

«* 1980a)\ Public interest in science and technology is mon- 
» ; itored in part through sales of books ai\d magazines 4 on ■ 
^ science and technology, the share of television audience * 
for shows on science and technology, arid attendance at ! 
science and technology museums (United 'States k De- 
' payment of Commerce', 1976,, 1980). Public support' for 



•1-^ % Measurement of Social Change 661 

science is measured by survey* assessing public confi- 
dence in science and scientists, attitudes toward R&D 
expenditures, and attitudes 'toward the ability of scientists 
and engineers and their methods to find solutions to 
pressing problems (Miller, frewitt, and Pearson,' 1980). 

The relations of science ajidrts public are revealed.a^ 
well in the changing patterns of careers chosen by, the 
nation's youth and in the way the electorate supports. of 
opposes candidateYfor public office of votes in referenda 
on policies related, to scienc,e<and technology. Other as r 
pects of this changing relationship are reveajed< in atti- 
tudes and behavior expressed through.public protests and 
support of organizations that emerge fa response \p de- 
velopments in science and technology. 

The recent survey of public attitudes toward science 
and technblog> commjfssioned by the National Science 
. Board has helped to clarify some of these issues (Miller, 
Prewitt, and Pearson, 1980). But we have not had enough 
baseline measures to replicate over time^nty when these 
are available and repeatedly asked will we be able to 
f determine whether and why many of tti&&, aspects of the 
pilblic's Understanding and support for science are 
changing. • • * 

Social Organization of Science and Technological'* 
Development 

, A third area of science and technology indicators re- 
search concerns how science and technology are orga- 
- nized to acquire new knowledge 'and produce nevy ap- 
plications. The policy focus of indicators^ of input "and 3 
output ignores the process "through which inputs beco'me 
outputs. Moreover, we^do not now know howjto measure 
; changes in the most elusive product of scientific research, 
new ideas. I* 

Additional indicators of internal processes of sciencV^ 
are needed to monitor productivity in R&D and creativity 
t in particular laboratories or disciplines. Indicators of the 
tie between research support and the, application* of sci- 
ence to social ends, ranging from industrial production, 
to a more healthy people, would be valuable .both from 
th$ perspective of science policy andjor measuring in- 
ternal processes in science itself." 

Impact of Science and Technology on Society 

This i^ the broadest and most> complex area for the de- 
velopment of science indicators. It is alsp one of the 
oldest. As early as the 1920s, William F. ©gburn, re- 
cognizing the importance of science and tschnologj»in 
social change urged social scientists to monitor trends 
in science^and technology in-order t$ understand" the 
social and economic changes taking place in society 
( (President's Research Committee, 1933)* In the 1960s, 
. Raymond Bauer arid his colleagues 1 attempted to deter- 
mine the effects of* the space program on American^so- 
ciety> but concluded that the effects could not be meas- 
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ured until there were improvements in both data and 
social measurement (Bauer, 1966). , • 

The problems faced by Ogburn and Bauer were con- 
siderably The direct effects of scientific or technological 
changes, while often considerable, frequently take place 
over a- long period of time and do not remain static over 
time. This makes it difficult to develop measures of the 
^interaction of scientific and social change for any single 
period. Tt also means that useful comparisons over time 
cannot be made until enough 'time .has elapsed to permit 
consideration of all the changes. The indirect effects of 
scientific and technological changes are even more dif- 
ficult to identify and measure, particularly because they 
mteraCt^vkh other caused of change. 

the future study of indicators of the impacts of science 
and technolog> on the society should examine the kind* 
of interactions that occur and the ways in which they 
influence change. Emphasis should be given to social as 
well as technological innovations Social and behavioral 
research has shown that the quality and efficiency of 
^ ' industrial productivity ctfn be improved not only through 
technological innovations but also through social inno- 
vations in management and production (Cole, 1980). 
Indicators of theSe social innovations woirtfi be valuable 
"foe both the study of sociali change and fof industrial 
policy. 

Volume4^of the first Five-Year Outlook pointed out ' 

• that a principal effect of technological development dur- 
ing recent decades has been the accelerating rate fcf hu- 
man alterations of land , vegetation, .water, and air; there 
was'relatively little documentation, however, of the na- 
ture, extent, ornate of acceleration, nor of the ways that 
humans were causing these^changes. Rather, attention 
focused on 4t . . . the nature, extent, and seriousness of 
the problems posed by toxic chemicals/' and the hope 
expressed* that 4t . . . as more knowledge is gained, we 

* will le5rn how to better control an3 reduce toxic chemical 
* hazards" (NationaPScience Foundation, t980b;249, 

261). The control^ toxic hazards is as rtiuch a matter, 
of understanding social causation, and njpnitoririg the, 
effects of social programs as it is of understanding the 
chemical nature of these substances and their conse- 
^ quences for human health. Knowing that toxie chemicals' 
\ may cause cancer or that chemical treatments can reduce 
toxicity is no assurance that their production and distri- 
bution can be controlled effectively. TTttse latteries 
require an understanding of how sociffl change can fbe 
->%: - m brought flbout. 

' ' Measures of social change must be developed to par* 
' . alfel the^increased knowledge of hdw. to design mow 
efficient and selective technological controls. To develop 
new technology for sequestering, degrading, containing, 
^ or removing chemically laden wastes is not enough. It 
is equally important to develpp ways of monitoring the 
efficacy bf such control systems; this will require models' 
Q of regulatory systems and how they work, so that we 

' ERXC ma y deal with tl ? eiJC * ai,ures - * , 



PROBLEMS IN THE DEVELOPMENT OF A 
NATIONAL §YSTEM OF SOCIAL \^ . 

MEASUREMENT 

» 

The statistical measurement and analysis^ social change 
depend heavily on .public policies and the manned in 
which the research'enterpnse is organized. Public policy 
on the measurement^ of social change affects the sub- 
stance of inquiries — what the society *vants to know— , 
©and the development and selection erf procedures to an- 
swer those questions. How we gather information and 
^.conduejt analyses rajses questions about statistical policy; 
the relative, emphasis to be placed on short-term and 
long-term" research the locus of responsibility for gath- 
ering ancf reporting inforbation; the ownership of data * 
gathered. for scient|fif inquiry, the means of producing 
the data, and many other issues. Some of the major issues 
in' statistical policy are- noted below, together with a 
discussion of a few of the conditions that affect how well 
the statistical measurement and analysis of social change 
is currently conducted^ the United States., 



CdfrTROL OF STATlSTiq||^ODUCnON 

Because^Federal government agencies report -information 
on national trends and provide information on-state and 
local governments, it might seem that the Federal gov- 
ernment is responsible for collecting'the date as well as 
for cpmpilating and reporting them. Yet that is often far 
|rom the case. Much information that is collected, and 
reported by fedpral agencies derives from reporting sys- 
tems over which the Federal government has Jittle if any 
direct control, aiyi over which inhm exercise relatively , 
little quality control by audit or direcnintervention. The 
Federal statistical system is a ^mosaic of public and pri- 
vate information systems; most information relevant to 

' St^, local, and private interests is collected by msti- 
tutfons outside the Federal government's direct control. 
Vital' statistics on births and deaths depend upon reports 
of local coroners, physicians, and. other officials who 
report to county registrars-, who then report to state and 
Federal statistics officiate. Even where a single sysjern^ 
appears to exercise control over the production of in- 
formation, as in Federal prosecutorial or court statistics, 
control is impaired by the institutionalization of discre-' 
tion in district offices. Dual bookkeeping or dual statis- 
tical operating- systems for local and Federal 'reporting 
purposes exist. In highly complex information systems, 
such as those of the EnVitpnmental Protection Agency, 
a mix of state and Federal reporting systems is^he basis 
for agency* statistics and a potential source of variation 
m the way in which information is collected and reported. 

Variation in statistical reporting by local collection- 
units can affect the quality and quantity of information 
on which social trends are- based. m A local police, de- 
partment 4nay fail to report or the FBI Uniform Crime 

" Reporting system may temporarily suspend the inclusion 



of information from some local^olice departments be- 
cause of unexplainable fluctuations in the information* 
supplied Such lack of completeness in a reporting s>s- 
tem poses the problem of how to take "missing infor-* 
mation^ into account in reporting totals The problem 
ls^even onl> more compelling where yiformation is pro- 
duced by" private organizations, ftjfr example, the infor-* 
mation on school busing, which is Qbtained from public 
and private schools Information on industrial accidents 

r or compliance with standards for regulating the produc- 
tion of nuclear powef depends on reports from private 
organizations If one wants to know how often nuclear 
power plants violated NRC standards within a given pe- 

^riotf, one must depend on a mix of private. and public 
data collection and reporting. 

The quality of information on social change may also 
be affected by the division of labor which locates much 
(though not all) soeial research in the universities, and 
statistical data gathering and its archiving in the govern- 
ment This arrangement presents a number of difficulties 
for the coordination of research and development in the 
measurement »of social change. 

THE OWNERSHIP jpF INFORMATION 

Proprietorship of information exis*ts when the agenc> 
collecting the„data has the right to limit the access of 
others to it This kind of ownership seriousl) iftipairs the * 
development and dissemination of quality statistics on 
social jchange, for it means that access to information is 
limited, and that doyimentation and opportunities te 
scrutinize the production of information in order to assess 
its quality are restricted. 

, Public access to gQvernmentall> produced information 
has increased under the Freedom of Information Act and' 
so-called state and local "SunsEine" statutes. But much 
information in effect remains proprietary because it is 
in a raw or unprocessed form, poorly documented, and 
not uniformly accessible. Transforming raw data into a 
set of social indicators for diverse public and private 
purposes is no simple task. Although data may be re- 
leased from which confidential information has been ex- 
cised*only a limited number of people can use data in 
this form* Those who can process this information are 
often hindered by deficient documentation concerning 
d^ta collection and processing. And to learn of its avail- 
ability and acquire^ the information when it is developed 
by an agency solely for internal use is likewise difficult. 

There is no simple ^solution to such problems. But 
a priority for any^Federal, state, or local information 
system must be to determine what is to be* routinely A 
processed and reported We need scholarly as well as 
managerial attention to decide what information about 
social change should be accessible^ and reported rou- 
tinely r and what information about the data ajid proc- 
essing will facilitate access and analysis. 
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Closel> related, to the problem of Accessibility and 
proprietary interests is the lack of sufficient opportunity 
to assess and affect the quality of information. Much 
work needs to be done on.statistical means for assessing 
data quality, on how to control for an^take amount of 
errors in its production, and ho\Tto Bring aBllit insti-* 
tutional arrangements that lead to high quality infor- 
mation for public use. To re»lve these problems, atten- 
tion must range beyond thePFederal statistical system 
upon a national statistical system, in which the intimate 
connections between public and private information sys- 
tems are recognized as both a strength to be used and 
a problem to be solved. 

NATIONAL OR LOCAL RESPONSIBILITY FOR INFORMATION. 

Tfie^vvord "statistics" originated with the rise of state 
accounting and accountability. Statistics *vere developed 
to assess the state of the state, to describe its past, and 
to hold it accountable-in the future. The history of state 
accounting reflects the development of a vasj< array of- 
statistics focusing on what governments do, and upon 
* how they collect and .disburse revenues. * 
-^JJecause of the tradition of independence among gov- 
erning units in the United States, each one has tended 
to develop its own statistical <accounting^y<stem. As a 
result, there is eonsiderabl^difficulty in comparing gov-" 
erning units or in merging information from them. For 
example, despite several attempts during the past decades, 
to match and merge state court statistics, we are* still a 
long way from having comparable statistics*, due* more 
to differences in statistical information systems than to 
differences in the law and its administration. Statistical 
indicators are most useful when comparisons can be 
made among them. Demands for comparison arise not 
only because larger junsdictions'must hold their smaller 
subunits accountable for funds, but also- because each 
f level of government seeks to guide its course by com- 
parison wi{h others. The decision about how much a- 
municipality should spend for fire protection will depend 
In part upon how much is spent in comparable jurisdic- 
tions. Note that in qrder to make this comparison, both 
the jurisdictions and the information about" ^m must 
be comparable. 

Each level of government must attend to these issues 
income degree! YetMt appears to have fallen largely to 
"the federal government to 'initiate systems of data col- 
lection that facilitate comparison among units and pro- 
vide for the merging of information from smaller into 
larger ones as well as its disaggregation frqm larger into 
smaller ones. From the perspective of organizing statis- 
tics, central coordination and control of the collection 
and collation of information appears to be an effective 
way to insure that information and their bases are com- 
parable insofar as this centralization is accompanied by 
the standardization of concepts and treasures and atten- 
tion to issues of data quality. 
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costs* however. A pnncipal one is that federal needs and 
priorities for information come to take precedence over 
state and local ones. Moreover, proprietary rights in in- 
"formatron tend to be assumed by centralized bureaucra- 
cies, to the Aeglect of equally compelling claims of de- 
centralize^ operating units and more local bureaucracies. 
A major consequence of granting priority to Federal^ 
. 'statistics is th^t the description of social trends tft the 
'national level tends to focus perceptions on problems 
and their resolution as national ones, such a 'description 
underplays the fact that these problems arise, and often 
can be resolved, in local aflrfcas by local -aifthorities. De- 
centralized governing structures can be undermined tfnd 
their* options restricted if they lack the informatipn nec- 
essary to. assess local variations and problems. ''Even 
where local governments develop such information, they 
are often severely hampered in acquiring information 

• about ,comparabte units that would assist in their defi- 
nition and resplution. 

A major goal for social' scientists.must be the devel- 

♦ opment of statistical measures of social change that meet * 
local anS state as well as federal needs and priorities. 
That development requires statistical- as wfell as political 
attention, and neither is simple to obtain or sustain. Col- ^ 
lecting and collating information, Is costly. Moreover, 
"any agency that collects information will ordinarily at-- 
tend to insuring the quality of data it finds immediately t 
useful rather than to its utility for future comparisons 
that are not germane to day-to-day management. ■ 
• How can, we develop concepts and measures of social 
change that meet requirements at all levels of government . 

-and "maintain high quality data at relatively low cost? 
Sfeveral statistical courses offer promise. Synthetic es- 
timates for smaller areas are- being developed that make 
use of local population .counts in conjunction with re- 
lationships observed in data obtained on a national level. 
Another promising»strategy is the increased use of sample 

. surveys to create 1 state^and .local as well as national in- 
dicators, thus supplementing nation^ sampling framed 

»• soas to allow* inferences about these smaller units. 

EMPHASIS ON SHORT-TERM LONG-TERM RESEARCH 

- One of the critical otfttacles to the development of a 
national system^ statistical indicators— integrating Fed- 

- 'eral, state, -ana 1 , local government interests with orivate 
sector intgfests*in*understanding spcial .trends~*arises 
from the "way lft.whjch research on social "change is 
funded. Cufrent Federal support of research rests on 
budgetary cycles and -policies that are more likely to, 
restrict research -support to short-Jerm rather than long- 
term funding. The same is* true of the funding.of systems^ 
for the collection, storage, -and retrieval of data, Histor- 

. ically, the development of measures of voter preference^ 
consumer confidence in the economy, and crime victim- 



examplM^ v c depended o n fund in g — 
of such short-term that the assurance of statistical time 
series has been precarious at best. Although one- and 
two-year grants for research provide incentives to dem- 
onstrate immediate pay-offs in order to insure continued 
support, this system of funding K often at odds with the 
development of measures of social change that require 
lengthy series of comparably measured observfypns. 
. Ttfe intimate connections between research and de- 
velopment require long- as well as short-term funding, 
particularly for the study of social change where the 
concepts and measures are more meaningful in the long- 
term thin in the short-term. The need to arrange contin- 
uous funding on a project-to-project basis is a serious 
drain on the time and energy required for developing 
information about social conditions and' for measuring, 
explaining, 2nd projecting the course of change. 

* • i, 

✓ VERIFICATION OF THE ACCURACY OF INDICATORS 

A societal need for information creates the need to invest 
in information systems and evaluate their performance. 
Hence data development itself requires research on how 
to gather information with known,* if not controllable, 
error properties, to insure that changes in the indicators 
can be regarded as measures of change in the society. 
Verifying the- accuracy of measures of social change is 
costly, however. When resources are fixed, the allocation 
of research funds for this purpose will channel support 
away from efforts to collect, analyze," and report that, 
information Mn one extensive effort to verify the re- 
sponses'of subjects' regarding health service delivery, 
verification efforts Used one-third of the resources, ex- 
tended the completion of the project by 18 months, and 
complicated data processing' and analysis (Andersen et 
al.; 1979:122-131). In the coming years, choices con- 
cerning this investment will be itiade more explicitly as 
cumulative research experience provides more infor- 
mation about the subjects dnd conditions under, which 
the accuracy of indicatoYs must be veriflfed. , 



a1N VE-YEAR OUTLOOK FOR RESEARCH ON 
SOCIAL CHANGE { 

Research on social change will inevjrably have short- 
.teran % as well as'long-te/m goals and will serve needs for 
both basic and applied information. One problem for 
research and development programs in this area is how 
the share, of prospective resources should be allocated 
among these needs and goals. Who is to decide what is 
to be^studied, for wfiat purpose, and by whom? And by 
wfciat institutional arrangements is the task of monitoring 
sbcial change bes*t accomplished? We will conclude by 
brieflytftcapitulating.thosef aspects of the study of social 
change that will require special attention in % the coming 



ERJC 



—five years. The first of these pertains to the objects of 
that research. \ 

Much of the research on the effects of social change 
focuses on its consequences for the welfare of individ- 
uals. Our major models of collective welfare are based 
on optimizing or maximizing that welfare. Yet there is 
more to collective iife than the sum of its members.* 
Collective welfare depends also upon social institutions 
and organizations. Just how changes in social institutions 
and organizations affect collective welfare is not well 
understood, and basic research in this area is essential. 
Of .immediate importance is the development of social 
indicators of institutions, social relationships ; and' or- 
ganizations. This research must address, such questions 
as how the bureaucratization of service delivery systems 
affect not only individual recipients but also the collec- 
tive capacity to deliver the services; and how changes 
in education, rewards, and legal institutions affect social 
inequality 

Causal modeling is another aspect of the study of 
social change that requires attention The past decades 
have seen a growing accumulation of measures of social 
and economic conditions of individuals and an increasing 
sophistication in measures, for example, of health, hous- 
ing, and public safety. Less effort has been devoted to 
understanding the causes of these changes and their im- 
plications for public policies Nowhere is this more ap- 
parenuhan in the area of the role of science and tech- 
nology in social change, where we need to develop;better 
causal models of the ways that science and technology 
affect economic and social growth. ^ 
' Inattention to the role of science and technology is 
apparent also in the realm of science policy. Few models 
exist that are relevant to setting science policy, and rel- 
atively few reliable indicators are available to assist in 
shaping or assessing its impact. In science policy, the 
indicators themselves n£ed development. Typically they 
provide information about scientific manpower or budg- 
ets for scientific research and technological development. 
What we lack are indicators for assessing the effects. of 
these inputs; we have few good measures, for example, 
o#The generation of knowledge and the production of 
innovations. 

Research and development in the study of social 

/ 
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change cannot be advanced wi&out a concern for insti- 
tutional facilities and resources. To an increasing extent, 
social science requires the commitment of 4, big science'** 
resources. This development raisps" fundamental issues 
about resource allocation ajtl how research institutions 
and investigators are to share data collection and 
analysis. 

The growing costs of survey research and, more gen- 
erally, of the collection, processing, and maintenance 
of all statistical data 'require a reexamination of the in- 
dividual science model on which many research pro- 
grams are based. Large data collection programs must 
grapple with the problems of providing access to a wide 
community of scholars while at the same time attending 
to the needs for continuity of measurement and theory- 
based research. We must give a priority in the next five 
years to research on increasing the inferential powor and 
cost efficiency of surveys and to the development of 
alternative measures of social trends that provide com- 
parable accuracy for fewer or equal resource commit- 
ments. We must also study the organization of research 
itself and attend to* the; unique problems posed by big 
science. * 

It is tempting to conclude this overview of one aspect 
of research in the social sciences with petitions for 
changes in the ways that we stuJy social trends. The 
preceding paragraphs reflect the belief that some aspects 
of this research are still in their infancy. Moreover, the 
exploration of new issues and the illumination of old 
ones in new ways are attractive inducements^ both to the 
scientist and to those who support that research. Con- 
tinuing established programs, replicating previous stud- 
ies, or contributing to the accumulation of existing meas- 
ures of social conditions may be inherently less appealing 
than breaking new ground. We will conclude, however, 

• with a call for these latter research strategies. Only 
through me accumulation of repeated observations pro- 
duced by a strategy of continuing measurement, can the 
extended process of change be studied. Many existing 
measurement programs represent considerable invest- 
ment in the development ol concepts and measures and 

our^iinderstanding of social processes. They should not 

,be discarded hastily in the pursuit to change the way in 

which we study social trends. 



NOTE 



1 This chapter is in an important sense a group rather than an 
individual* product, based on contributions from the entire pYofessiortal 
staff of the Social Sciehce Research Council's Center for Coordination 
of Research on Social Indicators Among these, ftobert Pearson pTayed 
the central role, working with materials furnished by himself and by 



Donald J. Hernandez, Nancy McManus, Roberta BaTstad Miller, David- 
E Myers. Robert Parke, and Richard C Rockwell. James r/avis, 
William E.* Mason, and Kenneth Prewitt reviewed the chapter and 
provided suggestions. Karen^Crouse and Ceha S. Futrovsky took care 
of the typing. I amindebted to all the aboverespccially Robert Pearson, 
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in Children . r 
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SUMMARY . • , , - expressions of all ;the basic emotions and 'that even at 

- , this young pge the mother and infant develop subtle 

Amenc-a has always shown a deep condern for 4ts chiU nonverbal patterns of communications which form the 
dren and the.r e^ducatidn Parents, schools,' and family V basis for more complex social interactions and relation- 

acQictanr 1 ** inon^ioc l^ifa nil u r.»„ J r i i » •¥ . . . » ... ^ 



^ * assistance agencies have all benefited from knowledge 
% derivedrfrom research on the way children develop. In 

the past, most research on growing up has emphasized 

children's cognitive or intellectual growth,' but irurecent 

years, an increasing amount of research has focused on^ 

children's social and emdtional development*.- This re- * 

« * * w • iii^ii^, vhiivu r o^iai lugumui^ luiiua inc oasis lor 

. search focuses on questions of how children acquire self* chikjp^ conceptions of morality aad for the definition 
confidence, the Motivation tb help others, -a knowledge* 0 f distinct stages in the emergence of helping and other . 
of society s complex laws,-, rules, and norms, the ability <5 t4 prosociar behaviors 
* to comprehend and empathize with the flight of others * * Research has- also focused on the impact of parents, 
.different from themselves, and the capacity to co&ol* aiildren, andaelevision on children. The majority 

•of^hvites dri the impact of an employed mother on chil 



ships later Ttre chip's comprehension of others appears 
•.to progress through four distinct stages, from an initial 
confusion between others .and the self to an eventual' 
.^wareness of others as having identities beyond the im- 
mediate situation. ^Research suggests that this develop- 
ment,, Called "social cognition," forms the basis for 



destructive or anti-social urges, 

Recent research offersjjreliminary insights into spme 
of these complex issues and suggests likely directions 
for future research.. Researchers studying infants h&e 
begun to dqcurnent the importaAce of early mother-infant 
interaction. Close* frequent, affectionate, and responsive 
contact with a primary caregiver in" the first year of life 
m appears to lead to the development of an infartf who is 
securely 3ftached,.a characteristic. whi$h coifftbutes to 
Upe child's lajec psychologic^ adjustment. Other studies 
nave shown that* infants in *% first y&r show facial 



dren's social agd emotional development, show little or 
no negative effects and^in some instances have shown 
some benefits. Similarly, most research on the impact 
*i of divorce has found only minimal long-t^rm negative 
£effects«on the children. However, this research is limited, 
ifi scope, parents' use of inductive discipline techniques 
which the negative consequences-of an act are ex-/ 
plained) and their frequent expression of affection ou t- 
side a specific discipline encpunter, appear to foster the 
internalization of morality. Pee> fnteractionthat is su-; 
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pervised byvadults can'be a useful way to teach children 
how to relate to others and solve problems, but there is 
little evidence that unsupervised children can control 
aggressive behavior or adopt socially accepted behavior. 
Most research concerning television's effects on children 
has focused on the relationship between violent programs ^ 
and aggressions While laboratory experiments have* 
shown that television can encourage violence in the 
short run, the' evidence for long-term effects is* not con- 
' elusive. Other studies suggest that television can en- 
courage cooperative and prosocial behaviors in children, 
but it is most likely to do so where supplementary ac- 
tivities or training occur. £ ' 

Research on motivation suggests that empathy, or the 
^ ability, to perceive, understand, and vicariously experi- 
ence the- emotions of .others, plays a central role in the 
child's emerging capacity to help others or act in other 
socially beneficial ways. Studies have shown that at- 
taching extenial awards to children's activates may ac- 
tually decrease their interest in these behaviors. 

Research on social and emotional development in,chil- 
dren is directly related to public policy concerns and 
institutional practice. Studies on the importance of early 
mother-infant interaction, for example, have helped 
* shape hospitals' arrangements for infant care immedi- 
. ately following delivery and have influenced the speed 
with which adoption agencies place younf infants. 
Emerging findings on how divorce and maternal em- 
pldymen*t Influence tti? development of young children 
promise to contribute to various child care policies and 
' practices. While character development has always been" 
a controversial function inAmerkan education, an in- 
creased understanding of those conditions conducive to 
prosociaf behavior and moral internalization must be 
considered valuable information for teachers and parents 
alike. Clearly, there is also much basic research on social 
and emotional development that has little immediate* use 
in public contexts, yet the mental health anci social vi- 
tality of,children, as well as thfeir intellectua\competen- 
cies, are of*rriajor concern to many government and^prj- 
vate agencies, .and their ability to funcTion effectively 
^depends" upon a sound knowledge of how children 
'develop. 



INTRODUCTION" • % « 

In the late 1950s, stimulated.by the innovative work of 
Piaget and by national concern about .the need for sci- 
entific talent, the attention of developmental psycholo- 
gists was preempted by studies* of cognition. The re-, 
suiting growth mxogniuve research was later reinforced 
by the "War on Poverty" and the inauguration of project 
Head Start. In recent years, an increasing number of 
developmental researchers have focused*)n social and 
emotional development, again inspired as much by social 



issues as purely scientific concerns. It is probably no 
coincidence that the student activism of the 1960s, the 
rising crime rate, and heavily publicized reports of cor- 
ruption have paralleled the sharp rise of research on the 
internalization of moral norms and the emergence of 
areas of study such as^empathy, role-taking and altruism 
Similarly, the women's movement has contributed to the 
burgeoning of research on sex-role development. 

The study of social and emotional development in 
children involves many complex and elusive issues. How 
do enildren acquire the values, social skills and moti- 
vations that prepare them for a satisfying and productive 
adult life? How do they come to understand beliefs held 
by others tha^may differ from their own and to empathize 
with others' feelings of distress or soSow? How are ( 
destructive or anti-social tendencies restrained 9 In pur- 
suit of answers to questions such as these, researchers 
have employed a great diversity of theories and methods 
Although the field is stilHfoung it is possible to identify 
the most influential theoretical approaches and the major 
methodological paradigms Clearly, Freud, George Her- 
bert Mead, and Piaget are among those scholars whose 
conceptions of development have informed generations 
of researchers. 

To Freud, a child's early interactions with parents set 
in 'motion psychological dynamics that influence social 
relationships and motivations^ the entire life course. 
These processes^ as ejaboratecTby Freud, may involve? 
an intense identification with the parents and incorporate 
powerful sexual and aggressive drives; or as suggested* 
by more contemporary social psychologists, the proc- 
esses may consist primarily of modeling and imitation. 
Regardless of the specific processes involved, the legac.y" 
, of Freud continues to influence developmental research 
#nd is reflected in various attempts to understand parental m 
influences on. social and emotional development. * 

The sociologist George Herbert Mead espoused an 
interacfionist view of development that erpphasized the 
importance of the child'^gradual involvement inan in- 
creasingly complex rtetwor^ of social relationships — 
from early parental authority to later work roles and 
intimate friendships. In addition, he argued that the child 
' contributes to the emerging social reality: that the so- 
- 4 cializing effects of parents, peers, and teachers are in- 
*"fluenced by the child's own individual characterises, 
yet the theoretical perspective that has perhaps most 
influencewsearch on social and emotional 4evelopment 
has been that of Jean Piaget^ Building upon careful 6b-. 
servations of children's early behavior, Piaget elaborated 
a developmental sequence of cognitive and accompa- 
nying social skills, tracing tlft child's progression from 
a naive egocentric orientation to a sociocentric perspec- 
tive that provides the child with an understanding of the 
% views held by others: Although Piaget constructed his 
conceptions of development around transitions" in chil- 
dren's reasoning processes, they had. profound, often 



• explicit, implications for research on social and, moral 
development.- , 

While themes from each of these theoretical frame- 
works can be discerned in the research reported here, no 
single theory has generated an extensive program of em- 
pirical research, and few studies have spanned many 
stages of development. In the early years of this field* 
most researchers'have chosen, instead, to examine highly 
specific issues, employing more modest middle range 
theories to study children within a fairly limited age 
range' The. coherence and broad patterning of develop- 
mental findings that one might hope for has yet to 
emerge. * 

Just as rib one theoretical perspective has generated 
^ extensive systematic research on social and emotional 
development, no single methodological paradigm has 
predominated: and techniques for conducting research 
on children have been changing. Correlational analysis 
w as one of the earliest approaches employed and remains 
a valuable technique to obtain clues about early devel- 
opment Researchers measure a variety of social and 
affective characteristics for a large sample 6f children 
and simultaneously assess a number of variables pre- 
sumed to relate to these traits, such as social class*or 
parental disciplinary techniques. However, the correla- 
tions" Obtained in such studies are Suggestive onl> arid 
> cannot demonstrate causalconnection6, as a result anum- 
ber of other research strategies have emepged. 

Cross-sectional studies, extensions of the correlational 
approach, examine characteristics of children of different 
ages and can provide insights into age related changes^ 
'This approach confounds the effects of age and cohort 
(year of birth), but the same cross-sectional studies a<?- • 
ministered .repeatedly to representative groups of chil- 
dren can, over time, provide more valid developmental 
information, allowing for control of cohort effects and 
offering some' assessment of the impact of historical 
events In fact, the systematic collection of national data* 
on children and fan)|jes has been proposed as part of 
a new effort td deve^p national childhood^indicatdrs, 
simtlar to efforts that collect social indicators of .em- 
ployment and health for adults Comparable data on the 
social and emotional life of the nation's children would 
establish important" baseline information for assessing 
the impatt of various sbcial programs or unanticipated 
historical everits. ' 

Longitudinal studies, which follow the same.childrejV 
for an extended period of time, allow researchers to v trace ^ 
•the impact of^rly life ejcpacence on later social and 
emotional development* ^Such studies h^ve been rich 
sources of information abouuthe specific groupj : 
but generalizations to other cohorts must be mad 
tiously While 'multiple cohort* longitudinal stud 
possible, like all longitudinal research, they are costly. 

Laboratory studies,.in which variables are manipulated 
and outcomes observed, have been the customary way" 
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^or developmental researchers to investigate causal con- 
nections. A large proportion bf the research on socja! 
and emotional development has been conducted by ob- 
serving children and sometimes parents from -behind the 
one-way glass of university laboratories. Yet even with 
the strengths of experimental design one must question 
whether the evsents and outcomes observed here would 
occur outside the laboratory as well. 
Developmental researchers are turning increasingly to 
* the insights provided by systematic field observations. 
This shift in methodology is partially a result of the 
availability of compact audio and video recorders, but 
it is also a response, to f growing desire to document 
social interactions and emotional expressions in a variety 
of natural settings. Researchers areVnploying innovative 
strategies to study development in field situations, using 
electronic beepers to generate self reports (Czikszent- 
mihalyi, T977) and studying children's emotions through 
tape recorded observations by the mother in the flome 
(Zahn-Wexler, et a!.. 1979). By systematically noting 
the contexts in which certain behaviors recur, and at 
times experimentally modifying the contexts, it is often 
possible to identify the causes- of naturally^ occurring 
behaviors. For these reasons, it is likely that systematic 
observing and intervention in natural settings will be- 
come, a preferred method by a |rowing number of re- 
searchers. As the research reported here illustrates, how- 
ever, a truly 'comprehensive knowledge of social and* 
emotional development will require in&ights from the full 
range* of methods available. 

. Knowledge concerning social and emotional devel- 
opment bears a particulajly sensitive relationship to pub- 
lic policy. To understand' how children acquire #nd be- 
come committed to values and constructive social 
behaviors does not mean that social interventions can be 
designed. to promulgate the most desirable traits. Unlike 
cognit-ive performance, where consensus on desirable 
outcomes usually «an be reached, social and affective 
competence resists, such easy determinations. Even if 
consensus could be attained, it isiiot at all clear where 
responsibility for the development of these competencies 
lies. While the learning of cognitive skills is readily 
relegated to the schools, the encouragement of social and 
emotional growth in our society generally has been con- 
sidered to be the primary concern of family, church, ^nd 
friends. These, are arenas of influence .in, which govern- 
ments justifiably hesitate to intgrvdne. Nonetheless, 
knowledge concerning the processes of social and emo- 
tional development can be used directly by these so- 
cializing^ agents: Federal, State, and local governments 
would be remiss if they did not encourage the growth 
and dissemination of developmental knowledge and ap- 
ply it whenever it is relevant to their natural involvements 
with children. In a .society that has so recently experi- 
enced ethical and moral dilemmas of major ^proportion 
and vvitnessed unprecedentedly high rates x\f violence, 
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crime, and delinquency, the encouragement of a more 
adequate understanding of children's social and emo- 
tional development must be viewed as a most valuable 
research enterprise. \ , 

The research reviewed here suggests that important 
advances are expanding the boundaries of our current^ 
knowledge. This chapter will summarize some of the 1 * * 
major themes of recent research, mainly on the period 
from infancy to adokscence; it will report known facts 
and informed hypotifcses, identify important gaps in our 
knowledge; and indicate some of the directions research * 
may be expected to take in the near future. 
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DEVELOPMENT IN INFANCY ^ 

No longer do we, as did William James, view the infant's 
world as a "booking buzzing confusion." We have 
learned that infants, from early on, attend more to novel 
than to familiar stimuli, they become bored with the old 
and excited with the new. They actively process infor- 
mation and they learn from experience in measurable 
ways. What we now know aljout the infant's perceptual 
and cognitive capabilities is truly impressive but more 
recently we have begun to learn about the infant's social 
and emotional development. The key concepHn much 
of this research is attachment . 



ATTACHMENT \ 

It has been known since the early 1960s (e.g., Schaffer 
and Emerson, 1964) that infants at about 6 months begin 
to show a preference for the primary caretaker, usually 
the mother. Thus, the infant smiles more at the mother 
than at others, protests more when separated from the 
mothers makes more of an effort to be near the ftiothdr, 
and, perhaps most important, is more apt to explore new 
and threatening stimuli and situatfons when the mother 
~is in the vicinity.. This preference for the mother is not 
due simply to the infant's becoming perceptually able 
^discriminate the mother from others, since he can do 
this several' months earlier, before any decided prefer- 
ence for the mother. There \l evidence that the acute 
distress syndrome, sometimes shown by infants after 
admission to hospitals or 'residential nurseries', -is prob-^ 
ably due in large part'to interference with attachment 
(Rutter, 197$). This suggests that -attachment plays a 
central role in family social and emotional development. 

Of the several theories, that attempt to explain attafch- 
ment, the most influential one is Bowlb}fo (1969.) eth- 
ological-evolutionary view that it is an essential part of 
the "ground plan" of the huipan species (as well as 
many other specjesLfOLan infant to become attached* to 
a mother figure. TfnsTfgure can Ijp the natural mdther 
or anyone who acts as principal caregiver. The ground 
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plan is fulfilled except under extraordinary circunfctances 
when the baby experiences too little interaction with any 
one caregiver to support the formation of an attachment 
Though attachment may ultimately be a part of human 
nature, there are substantial individual differences in the 
ways attachment behaviors 'become patterned, and dif- 
ferent experiences associated with each pattern. Most 
research has utilfced a standardized laboratory assess- 
ment procedure, the "strange situation," in which chil- 
dren are classified according to the behavior shown when 
they are briefly separated from the mother, left with a 
stf anger, "and therwreunited with the mother. Three main 
assifications of infants are obtained: (1) Securely at- 
tached infants— freely use the mother as a secure base 
from which to explore, show some distress a1*l a re*-- 
duction ^exploration following separation, and, upon 
reunion actively seek and maintain contact with the 
mother until comforted and then return to play, (2) Anx- 
iously attached infants— tend to show anxiety and little 
exploration even before separation, and are intensely 
distressed by separation, upon reunion they are ambiv- 
alent with thejnother, seeking close contact with her and 4 
yet resisting contact (e.g , by squirming to get down, 
kicking, hitting, biting, batting away offered toys, or 
continuing to cry or fuss despite attempts at comforting 
t (Ainsworth, 1978), and (3) Avoidant infants^rarely cry 
. during separation and upon reunion they tend to ignore, 
look away, or turn away from the mother, or ntake 
abortive approaches. 

There is increasing, though by no means conclusive, 
evidence that this classification is a meaningful one, with 
implications for the child's later psychological- adjust- 
ment. Data show that these assessments of attachments 
are stable in middle-class infants from 12 months to 18 
months of age (Waters, 1979). In poor homes, the 
* changes in attachment were related to changing life 
events with mothers of infants changing from insecure 
(anxious or avoraant) to secure attachment reporting a 
significantly greater reduction in stressful life events dur- < 
ing that period than did mothers of infants changing in 
the other direction (Vaughan et al , forthcoming) There 
is also considerable evidence that the assessments reflect' 
individual differences in the infant's home behaviox, in 
the infant's temperament at birth, and in the parent's 
behavior. Thus, infants who act in a securely attached 
' manner in the strange situatipn also tend to do so in the 
home (Ainbyorth et al., 1978); avoidant infantsCvere^ 
often constitutionally "difficult" as newborns; and 
mothers whose personality or life situation make it dif- 
ficult to be sensitively rftponsive (e.g., during feeding) 
ctfter) have infants who are anxiously attached (eg.,» 
Water et al.,' 1979). Finally, infants who were abused 
or neglected by their parents show less secure attachment 
in the strange situation at 12 months than other children 
from the same community, although the differences dis- 
appeared, by months due to the addition of family' 
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• support or out-of-home care (E?geland and Sroufe, 
forthcoming). . _ 

In examining the later consequences of these attach- 
ment patterns, children assessed as securel) attached at 
, 18 months were found— af 2 years and at 4-5 >ears — to 
be more enthusiastic, persistent, fle\ible, resourceful, 
and responsive to instructions, and les^asil) frustrated 
in solving problems than were insecurely attached chil- 
dren. And, those assessed as securely attached at 15 
months turnecj out to be more competent* in interacting 
with their nursery school peers (Arend et ai, J979). In 
general, the findings to date suggest that the quaht) of 
attachment in the infant's first >ear ma> be a significant 
factor in later development, and that the secure attach- 
ment pattern ma> be the ideal one. It must be noted, 
. however, tharajl the research reported was "done m the 
United States A recent%lud> b> Grossman (1980) in 
West German) suggests that cultural factors must be 
given more attention, for he found the avoidant pattern 
more prevalent in West German) than is commonl) re- 

* ported in the United States., We can expect .to see con- 
tinued efforts to discover the long-term, effects of dif- 
ferent attachment patterns* and to understand how the 
patterns and long-term effects are influenced b) changes 
in famil) arrangements such as mothers working outside 

. the home and fathers serving as primary caretakers 
(L Hoffman, forthcoming). 

/ . % .' 

SOCIAL DEVELOPMENT 

Aspects of social development in infancy other than at- 
tachment, have also become the focus of research. For 
example, some very interesting synchronies in mother- 
infant interaction have been discovered,' using fine- 
gfained "micro-analytic" techniques. When mothers 
. 44 talk" to their newborn infants, the subtle bod) move- 
ments of the infant are often s) nchronized to the mother's 
speech sounds (Cpndon, 1977). j^Jien mothers and in- 
fants are presented with novel objects the) are more 
likel) to look at the same object than at different objects, 
analysis' shows that this s)nchronization of visual atten- 
tion results from the mother's ticking and imitating the 
infant's spontaneous looking (Collis and Schaffer/ L975). 
In interactions between mothers and thefr 3-4 month old 
infants, the signal for each participant to begin vocalizing 
is usually the beginning of the other's vocalization, with 
the result, that both partnefs often interrupt each pther 
and vocalize together (e.g., Parke and*Sawin, 1977 j. By 
*the time the infant is a year old, a drarnatic shift has 
taken place and the interaction resembles adult conver- 
sation, the signal for each participant is the end of the 
other'* vocalization (at least a pause), the mother and 
efoild take turns in their vocalizing, and they seldom • 
interrupt one another .(Schaffer, et al., 1977). This 
emerging body of research is beginning to reveal the 
processes b) which th* Unique emotional aspects of the 



*er|c 



*• . Child Development 673 

parent-child relationship, including the quality .of at- 
tachment, develop. * ; 

There is rapidly growing interest in the origins, of 
< emotions. Considerable evidence now exists that at least 
five emotions— joy, surprise, sadness, anger, fear — may 
be universal in humans, that is", elicited b) similar events 
in primitive as well as developed societies (see review 
by Ekman and Oster, 1979). There is al&> evidence that 
the discrete facial muscle movements involved an~.the 
expression of these fundamental emotions exiSt in new- 
bom and even premature infants (Oster and^ Ekman, , 
1979). Furthermore, the entire facial patterns associated 
'with these emotions are present b) about 9 months (Izard 
et al. , 1980). Because infants cannot Jalk, it is dif/icult 
to determine whether these facial patterns are associated 
with the corresponding feelings, althQughjthere«is "some 
pertinent evidence bearing on fear. In the first half-)ear 
of life some infants apparently do fiot show a, fearful 
expression on their faces evfen m response to the acute 
pain of inoculations (Izard and'Buchler, forthcoming). 
B) 8 or 9 months, however, the infant's face takes*on 
an expression of fear when the infHnt,pefers over the'edge 
of a simulatec^cliff, and occasionally when a stranger 
apprcfcches (e.g , Campos, 1978). In both cases the in- 
fant's Heart rate accelerates when the face shows the 
fearful or anxious expression. This combination of ap- * 
propriate facial and physiological responses suggests the 
infants may actually be experiencing fear. In view of the 
importance and .previous neglect of the topic, we can 
expect research on early emotional e^perience'to burgeon 
with respect to .otjaer emotions, as well as fear, and in 
ojider children infwell aS'infants. 

Another line of investigation addressed how- and when 
a child first becomes aware of his own existence (e.g., 
Lewis and Brooks^Gunn, 1979). The usual technique is 
to have the motheY unobtrusivel) appl) a dot of rouge 
to the child's nose. An observer keeps track of how often 
the child touches his nose. The infant is then seated 

, before a mirror zfhd the observer notes whether the fre- 
quenc) of nose-touching increases. At about 18^ months 
children show, b) greatl) increased nose-touching, that 
they recognize and coordinate the imago the) see in the 
mirror with the motion of touching their own bod). This ■ 
suggests that the) have a s^nse of themselves as ph)sical 
entities with a location in space., We can expect future 
research to extend the stud) 'of self awareness to other 
dimensions*of the self that emerge as children mature. 
One dimension of particular interest is the sense of the 
self as having inner states*(thoughts, feelings, intentions) 
and continuity Over time. It is likely that these aspects 
of the self will influence, among other things, how the . 

, child experiences emotions and the nature of parent-child 
interaction. In addition, the nature and strength of the 
self concept may well influence achievements later in 

•life.. New research might indicate those conditions that 
support or inhibit the growth of a positive self concept. 

283 - • 
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< Studies 4 - of attachment, communication, emotional 
expression, %and the self in infants, have established an 
informative basis for similar research w ith older children. 
JVe can expect the tfudy of these phenomena to be ex- 
tended to altow a.,consnJeFation of the effects of age and 
experience. % - 



SOCIAL-COGNITIVE DEVELOPMENT " 

A decade ago, developmental researchers interested in 

■ the* study' of cognition shifted from an exclusive concern 

with'pfcblem solving m the physical world to an eq^al 

interest in children's thinking about their ^oeial world- 

\ In part, .this shift was prompted by the recognition jhat- 

effective human interaction requires the ability to ct>m- 

^prehend the thoughts, feehi/gs, aqd intentions of others, 

as well as knowledge of .the various frames of refer- 

• ence— beliefs, moral norms, "scripts" — that one shares 

with them. It became clear that cognitive theories based 

upon the physical world would not be entirely applicable 

J , *to trie social world. 

< » * 

\ 

DEVELOPING AN UNDERSTANDING OF OTHERS 

Research has show,n that "children's comprehension of 
others moves through four distinct stages, from an initial 
- confusion between the Others and the self, to an aware- 
ness of other people as separate physical entities, to an;, 
ability to take the perspective" of others, and finally ^ 
an aNvareness of others as having an independent exist- 
ence and ldeotity beyond the immediate situation. 

'* Person permanence" refers to the awareness of an- 
other's existence as a separate physical entity. Appar- 
ently the young infant 12cks this awareness, cibjects. 
events, and people are not experienced as distinct from 
• * the self. Not unnl about 6 months does the infant or- 
ganize the fleeting images -making up his world rfito 
discrete objects and experience Jhem as separate from 
his own biologically determined sensations. If a desired 
. object is bidden behind a screen before the infant's eyes, 
the infant loses interest in it, as though the object no 
longer existed. By 6 months, the infant removesjhe 
screen to get the object, indicating that he can then in- 
ternally reproduce the image -of an object and use the 
image ay-ajguide to the object. By 18 months, the child 
can retrieve an object after a succession of ' 'invisible 
displacements. 1 1 (The experimenter places the object in 
a container th#4te then hides behind a screen and brings 

• . qlit emr^ancr releasing the object.) This indicates that 
the -cKild,can evoke an objept's image even when there 
is nothing in sight'to atteS* 'to its existence. "Person 
permanence'' apparently begins several months earlier 
. (e.g., Bell, 1980); that ^is, by 1 year children caTl retain 
a mental image of a person even in the person's absence. 
Th6 length of time that the child can do this and the 

q number of persons that can be kept in mind obviously * 
ERJ£ iiSrcase with age. 
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•Although aware of pjpDple .as physical entities, the # 
young child does not yet know that they \mk inner states ^ 
of their *dwn, an&he tends to attribute^ them charac- 
teristics that belong to him. In Piagefs farrfous "three- 
mountain landscape task, childreirbelow, 6 ySars'of age 
typically attjflsute thbtr own viewrxunt to a doll situated « 
in various locatibns around TlTe\ndkape. Piaget thought 
it was not until about 7 org ye^rsthpUhis "egocentrism" 
began 'to give*way^o the recognitioiyhat others have 
their own perspective. Research has s£n£e shown that 
certain aspects of'Piagefs .original lasjjHS.g., tfie-'size- 
andeGompfexity of the obj'edts displayed, JtHRr asymmetrical* 
placement, the" requirement of ? a verbal response) 'may ^ 
have ^erv^d to q^ask the ability <tf young children to see 
through theses of others. Throe-year oljfc , for exampfe, 
'make vefry. few* errors when the display contains discrete^ 
easily differentiated objects (sd&aff toysf and^v6rbak . 
♦response is not recjuiredrthnsrfeTfrfeTubjecf l^icatcs the 
others point oi view by. manipulating an exacrtfuplufate < 
o£the display (Borke, 1975). Two-year bids will turn 
a picture toward.anpthfer person wrio asks to see it (Lem- 
pers, et al., 1977^. 'i 

Recent research'also suggests* that Vith simple lijsks, 
pot only spatial bi& atsp cognitive role-taking compe- 
tence appears much earner than previously thoijght Five- 
year-old children, for example, can infer whether art* 
other's "actions are intentional ox acci^f ntal Four-year 
v olds who watched shotj videotaped action sequences, 
accompanied by an explanatory audio portton, showed 
awareness that someone else would not understand the 
story when the sound was turned off (flossier, et al ; * 
1976). Four-year'olds also chose appropriate birthday 
gifts for their mothers, rather than toys attractive to them- 
selves (Marvin. 1974). This age group has also been, 
found to take the listener's perspective into account in 
verbal pommunication tasks. They used simpler and 
. more attention-getting language,' for example, when talk- 
ingto children'mueh younger than themselves than when 
talWhg to peers or adults (Shatz and Gelmanrl973); and 
they were more explicit verbally when giving instruc- 
tions to someone who apparently could not see, than to 
someone- who could (Maratsos, 1973). 

Finally, it appears tfoat role-taking in familiar, highly 
motivating natural Settings may precede laboratory role- 
taking by as much as a year or two, as evidenced in 
children's attempts at deception in the home (Hoffman, 
1975c). Role-taking^' competence increases inaccuracy 
•and complexity throughout life, but thfe rudiments of this 
competence may^e present before two years even though 
it may not be demonstrated irfthfc iaborator^until rrfuch 
later. 

The next broad step in the child's development of a 
* sense of trJb^her is the recognition that th* other has 
his own personal identity— his own life circumstances, 
and inner states beyond the immediate situation. There 
has been no direct empirical research on this develop- 
mental stage, but there is evidence that the child's sense; 



A)f his own continuing personal ldentityn^ferges some- 
t wjaere between 6 and 9 years (e.g., GiiardQ and^ohan, 
* '197J ) It $edms reasonable to assuqie that the sen§e of t 
the identity of otters would also be attained at about the ^ 
same time, or <f little l&er The child )kuild|then be able 
not only to^ake the role of others and assess their re- 
dactions in particular situations, r^u^ako to generalize^ 
% *Jxfim jhese and construct a concept of their general life 
experiefriice ThisLj^v^fopmental crfiange is obviously im-, . 
portanr)n the formation of social attitudes, values, and 
belief svstems, as well as in the acquisition of interper- 
!* sonal skills., ^* 
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1 ccxJWmvt Development and moral thought m . 

*Piagefs Q belief thlt cognitive development, contributes to 
, myal maturity in children has stimulated considerable 
ll'^research Ifi his view, the egocCnt^ism of.cJril3ren. under 
^ 7 oj $ year's of age blinds them to Crucial a^pfects ef 
norar action such ^ the intentions that underlie harmfm 

V qehavior Recent research mat minimizes the c6gnitive 
* jtoti. linguistic demands ojrc subjects*, however, shows that 
fc'ewen^year^olds do consider intentions when making 

moral judgments (e.g , Keasey, i978). They can also 
alntcate rewards in a way that shows they can take into 
account both the other children's needs and their 'con- 
tributions to simple group t^sks (Andepscjn and Butzin, 
I 1978) In addition, they recognize that norms about the 
human consequences of action are more important than 
social conventions; for example, they strongly resist at- 
tempts to convirice them that it would be proper to hit 
someone if the rules permitted, but^they can readily be 
persuaded that if the rules were changed it would be 
' acceptable to call teachers by their first names or dress: 
fin what they now consider to be unacceptable ways 
« Yruriel, 1978). 

V The most influential -cognitive-developmental theory 
has been advanced by Kohlberg (1969). In brief, Kohl- 
berg views morality as developing in a seriet of six 
stages, beginning with a premoral one in>which th^ child 
obeys to avoid punishment, and ending with a universal 
sense of justice or concern for reciprocity 'among indi- 
viduals Kohlberg regards each stage as a homogeneous, 
value-free, moral cognitive structure or reasoning strat- 
egy, and maintains that moral reasoning within a stage 
is consistent across different problems^ situations, and 
values. Each, stage builds on, reorganizes, and encom- 
passes the preceding one, and provides riew perspectives 
and criteria for making moral evaluations. Kohlberg has 
proposed that people in all cultures move through the 
stagei in the .same order — always forward, never back- 
ward, and never skipping a stage — varying only in how 
quickly and how far they progress. The impetus for 
movement derives from exposure to moral structures 
slightly^more* advanced than one's own. This produces 
a' cognitive conflict that is resolved by integrating one's 
previous structure with the new one. 
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Kohlberg's theory has been criticized on many grounds, 
including, thus far^a lack of convincing empirical evi- 
dence. For exampfeiRhe prediction that childreisare most 
influenced by moral reasons that are slightly more ad*- 
vanced than their own has not been confirmed. There is 
also evidence, contrary Jo the theory, that some people 
may regress in their level of mcfral reasoning over time; 
Kohlberg has acknowledged, the lagk of empirical sup- 
port, he has modified the theory and relevant measuring 
instruments, and more recently has explored the useful- 
ness of this approach in prisons and schools. His research 
has Accused scholarly attention oh the child's qw/Lactive 
«efftJjJs_to construct a moral viewpoint, and has formed 
the basis for extensive studies of moral developmerrf^nd 
related areas. -I 
'Damon (1977), working with! considerably younger 
children than Kohlberg, has sta pled, th e development of 
moral concepts in four distinctf aleasr fnends 4ttp,^ustice- 
&nd fairness, /obeefcence and iut^^^yid ^social rules 
and conventions. To study concepts of justice, he asked 
4-8 year olds what they thought would be a fair way to 
divide candy, money, or toys in sevjeral hypothetical 
situations (illustrated'with pictures). In one story„ three 
children worked together to make bracelets for an adult. 
Oneaiild made the mosuand the* prettiest bracelets; 
another was the biggest child; anct the third, the youngest, 
could not work as well or as fasyis*the others. The adult 
rewarded the group with ten\candy bars. The children 
being studied were asked what' they thought was the- 
f&irest way to divide the candy. In the responses to these 
and 9ther stories, Damon found evidence of an age pro- 
gression — from making little or no distinction between-, 
what a child would want for himself and what he thought 
was fair, to favoring an equtfl division, to recognizing 
that some children deserve ignore because they produced 
more, and finally, to understanding, that- several valid 
conflicting claims (e.g., between productivity and need) 
Could exist and that a proper balance must be struck., 
Damon's work has opened new areas of investigation. 
Where do these concerns for justice and fairness, which 
are surprisingly sophisticated fpr young children, come 
from? How -do -the rrftral concepts of young children 
from different backgrounds compare? To what extent do 
these abstract concepts affect the child's actual behavior, 
for example^ when the child's* conceptions of justice 
conflict with his or her selfMnterest?^ Finally, how do 
the se ea rly conceptions and experiences influence moral 
avicVfSfer in life? / 
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TRAINING IN* SOCIAL-COGNITIVE ABILITY 

/ 

Many studies have been designed to improve children's 
perspective-taking skills. These efforts are bas€d on the 
assumption that a person who sees things from jhe per- 
spective of others is more likejy to 6 take their jieeds into 
account. In one of the most frequently cited .of these 
studies (Chandler, 1973)^ chronically delinquent pre- 
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adolescent children ( 11-13 years old) were asked to write 
4 skits involving persons of 'their own age, act out the' 
skits, and have them videotaped. Each skit was repeated 
- ^ until each participant had occupied every role, and vid- 
T eqtapes were reviewed at the end of each set. After ten 
3-hour training sessions, the role-taking ability of these 
children had improved considerably , compared to control 
groups that received flo^training or simply w/atched an- 
imated and documentary films. More importantly, 18 
months later the children who were trainee! showed sig^ 
nificantly less delinquent behavior* then the children in 
the control groups. Interverition-studies such as this have 
succeeded in improving performance in perspective- 
taking, and some, like the One jusl : cited, found improve- 
ment in the children's behavioral adjustment. *f 

An extensive program on the assessment and treatment 
of interpersonal problem-solvin g skills in children has 



ERLC 



' been conducted at the Hahneman Community Mental. 
. Health Center in Philadelphia ^(Shure -and Spivack,, 
1978). The program's aim is to.impfoye tbree skills 
found to relate consistently to social adjustment in chil- 
dren, the abilities to generate alternative solutions to a 
► given interpersonal problem situation, to foresee the im- 
mediate and long-range consequences of each alternative 
and to plan a series of specific actions to attain a given , 
goal. The program first teaches'a oumber,of skilj^ thought 
tq be necessary for problem solving, namely linguistic 
concepts such as same-different and if-then, and the Abil- 
ity tp identify basic emotions (happy, angry, sad). The 
rest of the program, is devoted to a series of hypothetical 
•and actual interpersonal problem situations.' Teacher 
demonstration and*puppet play are used to illustrate the 
draining ^roncepts, ^nd whenever possible the problem- 
. solvin^tnethods^e applied to actual problems that arise 
amoi}^ the children in school. The results Of the program 
indicate, that trained children improved o/nneasures of 
* al^mative and consequential thinfcin^ as weltas^on a 
pleasure of overt behavioral adjustment. Furthermore, 
/the improvement was maintained at follow-up a year 
/Jater,,when children were rated by new Teachers who 
were unaware of the experimental conditions. 

Kohlberg's theory of moraidevelopment has also been 
used as a b^sjs for moral education in the classroom. 
Since several of the moral<stages are apt to be represented 
an\ong the children in any classroom, it ckn be expedted 
that hi discussions of hypot^tical or real-life moral con- 
flicts^ children at a relatiVely/low stage will be exposed 
to more mature, higher levels of reasoning. The theory 
predicts that the resulting conflict wjll disturbtheir com- 
placency and stimulate them to think seriously* about the 
moral issue, perhaps for the first time^d to examine 
their jown point of view in light of the'more' advanced 
one. It is assumed that the more advanced point of view 
would be judged superior and that the child woukj modify 
his own view accordingly. Evidence for the effectiveness 
t of this technique is* inconclusive,' though np syst^mafcc 
assessments have £eeh completed g g ^ 



Training in various social : cognitive skills has been 

• used withBome success as the main ingredient in faftiily 
therapy wi fe j^lo lescent delinquents (e.g., Parsons and 
Alexander, 1973). One reason for the success may be 
the emphasis placed«on treatment within the family con- 
text, which facilitates both the learning of the social 
cogniHve problem-solving skills and their application in 
the real wopW. 

The results of these various intervention studies have 
6ee/i*encouraging enough to warrant further probes of 
the effectiveness-Of training in social-cognitive skills on 
children with emotional disturbances, as well as normal 
apd'delinquent children. . * 

Over the nexi few yfcars we can expect to see further. 

* work on other aspects of children's social cognition; 
these include the development of the ability to think and 

reason about social institutions ie.g , mone^, politics ^ 

and government, see Furth, 1978), the development tff 

ottie "social-com^rison processes" by which informa- 
tion about othersjs employed in the construction^ one s' 
own self-concep^Ruble, forthcoming), the acquisition 
. of scripts" or ordered sequences of v actitm appropriate 

, to. particular settings (Nelson, 1981), and the role of 
culture (Shweder, et. al., 1981) and of emotion (Hoff- 
mao, [98 lb). in social-cognitive processes. 



MORAL DEVELOPMENT, AGGRESSION, AND 
PROSOCIAL BEHAVIOR: INFLUENCE OF 
PARENTS, PEERS, AND TELEVISION 

How do humans come to manage the inevitable conflict 
between personal rieeds arid social obligations 0 Iris now 
generally agreed that mosf people do not go through life 
viewing society's moral norms (e.g., honesty,, justice, 
fair play) as external ,.*coercively imposed pressures. 
Though initially external and in conflict with one's de- 
sires, social morality may eventually become paij of 
oneVmotive system and have 'an effect on behavior even 
in the absence of external, authority. This is not to deny 
that, people may also be concerned about rewards and 
punishments alid that some always, respond selfishly, 
sometimes aggressively^ when their desires are in con- 
flict with social expectations. The challenge is to dis- 
cover \vhat kinds of experience lead children to respond 
to conflict in an internally controlled and mjSral manner, 
rather than with aggression or w^itfi a concern only for 
*;'the relevant punishments and rewards^ „ 

. Research on the socialization of norms and moral be- 
havior has continued for over half a^ century,' initially 
focusing on the influence of parents, and more recently 
expanding to consider the role of peejrs^and television. 
Apart from schools, these three agents may well com- 
prise the mam environmental influences on the extent to 
which children become individuals who consider the 
' needs of others or who pet ^purely out of self-interest. 



The contributions of social cognition and empathy to 
<u^ moral development are discussed elsewhere in this paper." 
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CHILURhAKJNU PRACTICES AND MORAL " , 

. INTERNALIZATION • . / 

Because the parent is the most significant figure in the , 
child's life, psychologists have studied many facets of 
the parent's role — disciplinarian,- affection giver, modej. 
The moral' norm studied in most of the research can 0 be 
Stated simply: People should'in their actions consider the 
feeds of othersJas well as themselves (e.g., they should 
tell tjie truth rj keep promises, help others; they shoul^ 
- not lie, 'steal* betray a trust; physically attack others or 
hurt thpir feeHngs). A moral norm is internalized If a 
%pejpori feels it is his own idea an'd often acts in accord 
with it, wfthout thinking-about'the punitive consequences 
of doing otherwise. .When an .internalized moral norm 
is activated in a person, it has an obligatory quality, this 
does not guarantee that the person will always act mpr- 
ally, however, since his persoriaLdesires and situational 
temjrtajions may be more powerful. 

Moral internalization implies a weighing ofpersonal 
desires against^he moral requirements of a situation. 
Because earliest experiences with this type of conflict 
occur in discipline encounters with parents, and as often 
as' 5-6 times per hour in early qhildh<Jbd (see, e.g., 
Wright 1967) parents' disciplinary procedures are ex- 
pected to affect the child's moral development. Affection 
is important because it may make the child more recep- 
tive to discipline, more likely to emulate the parent,' and 
emotionally secure enough to be open to the needs of 
others. 

The relationships between types of discipline and. 
rporal indices such as resisting temptation and feeling 
guilty over violating a mo^alnorm have been investigated 
extensively (see reviewlJy Hoffman, 1 977). The findings 
suggest that moral internalization is fostered in several 
ways. One of the jnost effective, is the parents' use df 
inductive discipline techniques. These techniques dem- 
onstrate the harmful^ consequences of the child's behavior 
for others^ €*ther|clirectly ( 4 if you keep pushing him, 
he'-ttftU down and cry">br indirectly ("Dgn't yell at 
hiriL He was only trying to help"). They become more 
, complex as, the child grows older, and may oftetfinclude 
suggestions of reparative acts such as apologies. Moral 
internalization is also fostered by the parent's frequent 
expression of t affection outside the "specific discipline 
encoqnter. By -contrast, a\morality basetf primarily on 
thq fear of external punishment is associated with ex- * 
cessive power-assertive discipline: e.g., physical pun-' 
ishment, deprivation of privileges, or the threat of these. 
The frequent use of power-assertion has been found to 
bpar a strong relationship to the child's aggressive be- 
havior toward his peers in preschool and elementary 
school settings. ^There is evidence, however, that the 
O m occasional use orpower assertion — to let the child know 
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that th pyu-frt t feels strongly about somethings to con- 
trol the behavior of a child wlio is acting in an trea- 
sonably defiant manner — by parents A who usuallyeniploy 
inductions, may make a positive c<^tribution^1omoral 
internalization (e.g., Zahn-Waxler, v eral>, 1979). There 
appears to be no relationship betvveen moral internali- \ 
zation and lovp- withdrawal— techniques irf which the 
parent simply gives direct but non-physical expression 
. to his anger or -disapproval of the child jbr engaging in 
some undesirable befiavior (e.g., ignores the .child, turns 
his back on him, refuses-to speak or listen to him, ex- 
plicitly states a dislike for the child, isolates or threatens 
to leave him). This research on moral internalization has 
focused on children ranging .frorn 4 to 12 years of age, 
but there is evidence that the generalizations also hold 
for children as young as two yeah (Zahn-Waxler et af., 
1979). , 

What about the effects of discipline on aggression? 
When the predominant component of the, discipline is 
not induction but power-assertion, the chilif may per- 
ceive a clear threat to his freedom of action. This 'may 
arouse anger and the desire to restore freedom or "re- 
actance" (Brehft,' 1972), But, it may also arouse fears 
of^punishment if the child disobeys or expresses, his an- 
gpr.JThechild may then comply reluctantly, and displace 
his anger later tdtoard less powerful figures outside the 
home, thus accounting for the research finding^ that 
power-assertion may contribute tfljffie child's aggression 
toward peers. If the love- withdrawal component pre- 
, dominates, this may arouse anxiety over the possible . 1 
loss of the parent's love. The child may then comply in* 
order to avoid, the loss and restore harmony. Techniques 4 
with pronounced love-witficirawal components are often 
used when the child expresses anger toward the parent, 
which may explain why love-.withdrawal appears to con- 
tribute to the 0 inhibition of anger (though not to moral 
internalizatiqji, as npted earlier). „ 

Beginning with Freud it has been assumed tljat chil- ^ 
dren identify with, and thus 4 to some extentc-adopt^the 
parents' ways of evaluating one's own.beha\uor. Psy* 
choanalytic writers, account for this in terms of anxiety 
oVer pHysical attack or loss of the parent's love.* To 
reduce anxiety, the child tries to be like the parent — to 
adopt, insofar' as .possible, the parent's behavioral man- 
nerisms, thoughts, feelings, and even the capacity for 
self-punishmerit and guilt over yjolating a moral stand- 
ard For other writers, the child, identifies in order to 
acquire desirable parent characteristics (e.g., privileges, 
control of resources, power over the child). 

The limited T)ody of research on this- topic suggests 
that identification may contribute to aspects of mdrality 
reflected in ihe parent's .words and deeds (e.g., type of 
moral reasoning, helping others). Identification may not 
contribute to feeling guilty after violating moral stand- 
ard (Hoffman, W71), but this may be because parents 
rarely communicate their own^uilt feelings to the child. " 
Children also\Jack the cognitive skills needed fo infer 
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1 guilt feeling from the parent's overt behavior, and their % 
motives to identify with the parent may not be strong 
enough to overcome the pain of self-criticism that ac- 
companies guilt. - 

In the early 1960s, a number of experiments weTe 
conducted on imitation, which may be a necessary part 
of identification (e.g., Bandura and Walters, 1963). The 
results indicate that children will readily imitate an adult 

^model who yields to temptation (e.g. /leaves an assigned 
task to watch a movie), as though the model serves to 
legitimize the deviant behavior, but are less likely to 
imitate a models who resists temptation.* Furthermore, 
when a child who makes moral judgments of otters on 

• the basis of the consequences of their acts is exposed to 
an adult model vtfho pakes judgments on the basis of the 
adpr*s intentions, the child shows an increased under- 
standing of the principle of intentions, and the effect . 
may last up to a year. 

The tentative conclusion, pending more definitive re- 
search, is that identification may contribute to the child's 
adopt^n of moral attributes that are expressed in the 
parent's words or deeds and that do not require a great 
deal of self-denial. These moral attributes may then be- 
come internalized in the sense that the child' uses them 
as criteria oft right and wrong in judging others. The 
evidence thus far suggests, hpwever, that identification, 
unlike discipline, may not contribute to the use Qf moral 
standards as an evaluative perspective for examining and 
controlling one's own behavior. 

PEER INFLUENCES' 

" Despite longstanding interest in the topic, peer interac- 

; tion and its effects gn'the child have only recently been 
studied systematically. Much of the existing research is 
descriptive. For example, the child's interest in other- 
children geneftlly emerges in the second year ajid in- 
creases dramatically" throughout childhood. In early 

A f childhood, there is more positive interaction between . 
children of the same sex than between children of the^ 
opposite sex, but there is 3 gradual increase in- mixed- ^ 
Asex interaction with age. Girls are more likely^uf help 
and share with their friends than with their acquaint- 
ances, whereas boys are morclikely to compare abilities 
and compete' with .their friends than with their 
acquaintances. ' 

TheVe has been relatively little research on how in- 
teraction wiu> peers affects the child's social develop- 
* otent. The dominant theoretical orientation, advanced, ° 
some fifty years ago by Piaget, is tt#t unsupervised in- 
teraction with peers is essential for rftdral development. 
The reason, in brief, is that the absence of gross differ-* 

- entials of power provides children with the kind of ex- 
periences rieeded to develop moral normfc and belief sys- 
tems based on mutual consent and cooperation among 
equals. Accofding to Piaget, these experiences— taking 
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the role of others, participating in decision-making about 
rules and how to enforce them— qre unlikely to occur 
in interactions with adults. A related formulatfon is that 
the parent's power pver the^child and the affectional 
bond between them operate*as a powerful constraint 
against the child's expressioi/of aggression toward the 
parent, a constraint that is absent in peer interactions 
(Hbrtup, forthcoming). There is evidence that children 
the world over express far more aggression/oward peers 
than' toward adults (Whiting and Whiting, 1975). 

An opposite coirception, however, Ts that unsupervised - 
peer interaction may release the child's inhibitions and 
undermine the effects of previous socialization in .the 
home. The research on peer influences-provides some 
tentative* answers concerning effects on aggression as 
well as insights on the broader impact of p^er interaction. 

First, there is support for 'the widespread assumption 
that the influence of peers increases as children grow 
older, with the peak, of peer influence occurring in ad- 
olescence (e.g., Berndt, w 197&. By earjy adolescence 
most children are aware of operating in two separate and m - 
sometimes conflicting social tracks — a peer track and an 
adult track. As for the direction 'of peer influence — do 
peer groups support or undermine^ adult values? — the% . 
answer is less clear. Most of the research on high-school 
subcultures finds broad area^ of agreement A^fch adult 
values, along \yith modesJ*differences in emphasis such 
as greater stress on athletics^ and popularity rather than, 
on academic achievement (e.g., Coieman, 1961). A sig-** 
nificaijt exception is the use of drugs by adolescent, , 
which is associated with the use of drugs by their friends 
(Kandel, 1971). ■ 

Regarding the' role of peer interaction in socialization 
of aggression^ the relevant experimental research (re- 
viewed by Hoffman, 1977) indicates. that if a child ob- 
, serves a peer *vho behave^aggressively and is not puij- 
ish'ed, the likelihood that the observing child wilt behave 
aggressively is increased; if the aggressive peer is pun- 
' ished, there is no measurable effect. This suggests that ' 
when children express aggression and aire not punished, * 
which often occurs in unsupervised peer settings, the 
effect may be to stimulate other children in the vicinity 
to act aggressively. Even if the .children are punished, 
however, this may not serve, as a'd^terrent to other chil 2 
dren, Peer behavior (or at least its immediate i/npart) is 
more likely to weaken than to strengthen the inhibitions 
against aggression that the child has acqufred in th#* , 
• home*. % ' 

In a now classic observational study of 11-year-old 
bbys in an experimental summer camp, Sherif et aK 
-(19(51) found that when two previously unacquainted ^ 
groups competed in team sports, considerable anirngsity' . 
^developed. Only working together xty a superofdinate , 
goal introduced, by camp counselors cduld reduce neg-. 
atiye feelings. Other more recent studies with groups <}f 
younger children (Pattersorf, et al*,M967 and Strayer and 




Strayer, J978) suggest that aggressive behavior may 
emerge spontaneous!) and increase overtime Aggres- 
sion ma> be reduced b> an aduU«who alters, the com- 
position of the group or introduces new activities that 
stimulate cooperative interaction, or b> the emergence 
of a dominance hierarchy in, which some chifdren de- 
velop a submissive pattern where the> rare!) challenge ~ 
others Thus, Piaget's contention that unsupervised peer 
interaction is^ conducive to moral development may not 
be entirely 'accurate. Certainly, with respect i to the* 
expression of aggression, peers appear to offer little guid- 
ance .or control Yet peer influences extend beyond the 
regtlm of aggressive behavior. *\ 

There is a body of laboratory research indicating that 
childten will model perron a yaridy of prosocial and 
problem salving behaviors The> will imitate peers with 
inspect to appropriate sex role behaviors, altruism and 
helpir\g, and affective response-^ humor (Hartup, forth-^ 
coming) This suggests that if groups can be structured 
to encourage these desirable behaviors in some individ- 
uals, others may act in a similar fashion Furthermore, 
a variety of correlational studies have shown a strong 

* 'negative relationship between earl> sociability (frequent, 
comfortable interaction- with peers) and.rate^ of delin- 
quency and conduct disorders during adolescence and 
adulthood (Ojonger and Miller, 1966). There is also <a 
grow ing hterature documenting the effectiveness of peers 
in a^vanety of learning situations (Allen, 1976). 

Mbre- research is.<peedad concerning the role "of peers 
in early social izaticJl^for example, whether naturally 
fortrung^xinsupervis^d peer groups, at various ages and 
in different segments* of society, anci operating in dif- 
ferent settings, actually support or contradict the pre- 
vailing moral norms in society WJiat types of peer* in- 
teraction are mo*st conducive to prosocioj behavior*? Do 
dominance hierarchies tontrol aggressioa and if* so at 
what cost?, tyhat is the contribution of childhood friend-* 
ships to socialization? How do children manage the dif- 
ferent and sometimes competing messages of peers, par- 

* ents, and teachers? While it ,is surprising that slich « 
questions' remain, unanswered, research reported here in- 
dicates that peer influence w^ill be the^focus of 'important 
new research in the cording decade. 



EFFECTS OF TELEVISION 

Children of all ages spend many hours watching tele- 
vision and tfoe trend in the amount o^viewing time con- 
tinues to be upward. Though wide variations exist de- 
pending on the segment of^.the audience- surveyed, the \ 
average television setis on almost seven hours a day and 
children are among the most frequent viewers (Roberts 
and Bachen, forthcoming). Further increases can be ex- 
pected with the growing use of cable television and vid- 
eotape recorders. The effects of television* viewing on 
tfie social and ernotionaHives of children have b8en the 
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subject of considerable research. Most of this work has 
concentrated on violence and there are competing hy- 
potheses concerning telev ision^s effects on this behav lor. 
Some arg,ue that watching » filmed violence -may reduce 
orte's pronenessto violent befiavior because of the ca- 

# thartie reWase prdvided., Others note that viewers, es- 
pecially children, may' learn by observing and imitating 
others, Thu^, if a child sees television characters (es- 
pecially tho$e presented in a positive light with whom 

♦ the child might identify) handling social conflict situa- 
tions in a violent manner, he may respond in similar 

fashion when placed in a conflict situation. Repeated 
exposure may also^blunt a sensitivity to violence«,Jeading 
the child to under-estimate or fail to anticipate the painful 
consciences of aggressive acts. 

Laboratory experiments have sjiown fairly conclu- < 
sively that children exposed to a hve^or filmed model 
behaving aggressively (or helping s ur sharing) are apt to 
behave Iike'the model shortly afterward, These studies 
^suggest that when children observe a violent television 
program they are likely R) have an immediate tendency 
toward aggressive behavior The important social issue 
is whether*television violence has long-term effects. 

Researchers employing sample surveys have reported'' 
positive correlations, between children's viewing of vi- 
olent television programs and such measures of their 
aggression as amount of conflict with parents, frequency 
of fighting, and delinquent beha\ior. 'These correlations 
def riot prove a^catisal connection, however They may, 
for exar|ir3Ie, reflect a tendency for aggressive children 
to prefer violent television (Atkin et al., 1979) or yet a 
third variable may predict both aggressive behavior and 
. the preference for violent television. Efforts have been 
made to overcome these limitations. Irt several studies 
whereithe samples were, large enough to control for a 
variety of third variables, the relationship between view- 

• ing violence and aggressive beriavior remained, although . 
considerably weakened. A more stringent, though not 
perfect (Rogosa, 1980), technique for establishing a 
causal connection from correlational data is the "time- 
lagged " design. This method was employed by Eron et 
al., (1972), who found that children preferring violent 
television were rated as more aggressive in their behavior 
10 years later- . 

Perhaps ihe most convincing way to test for long-term 
effects is- to control the tellevisiotj viewing experience of 
; children and observe their social behavior over an ex- 
tended time in a natural setting* This is difficult, time- 
consummg, and expensive research. It demands the ac- 
tive cooperation of parents, schools, and other institu- 
tions. Control groups are required that are similar to the 
group watching the violent program, but that eijher watch . 
a different program or participate in .other activities (a 
rarely used control). Children in a control group may 
resent being (Jeprived of their usual television fare and 
their possible anger at this change must be accounted for 
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in analyzing the data. Children must be observed before, . 
during, and shortly after watching the film,* as well as 
some time later. The observer must not know whether 
he is observing experimental or control subjects. jjPew 
experimental studies of this-type have been attempted. 
All of them lack at least one ojf these requij^ments, and 
the result's are inconclusive ^Feshbach and Singer ( 1 97 1 ), 
in two studies where boys 9-15 years of age watched 
either aggressive programs (e.g., "Gunsmoke") or non-« 
aggressive programs (e.g., "The Dick Van Dyke Show']), 
found no evidence that the violent programs led* to an 
increase in aggressive^behavior. Parke et al , ( 1977) errl- 
ployed a similar design in three studies of delinquent . 
adolescent boys living in reformatories. No data on pro- k 
longed effects were reported, but aggressive behavior 
did increase during and immediately following the^pro- 
gram for those who watched vjolent films. Other studies 
with younger children (Fnednch and Stein. 1973,Sawin, 1 
1973) have found no,, or nighty- qualified, evidence for 
an aggression-increasing effect of viewing televised 
violence. . 
' In short, the data suggest some relationship between 
TV viewing and violent behavior; but studies employing 
the most stringent methods have not been performed. As 
-one moves from the highly controlled b^ut artificial lab- 
oratory experiments to observations in natural settings, 
the findings become less clear. The laboratory experi- 
ments clearly show that televised violence can have im- 
mediate violence enhancing effects^ Correlational re- 
search indicates .long-term effects but lacks the 
methodological rigor to support a causal inference. The 
field intervention studies show that children's aggressive 
* tendencies in natural settings may be elevated while 
, watching television violence and for a short time after-, 
wards. But without further research, the nature of long-^ 
term effects is not certain. It may weir be that intervening 
expenences will always make the proper determination 
of sucrueffects difficult. 

Researchers have recently initiated studies thai focus 
on .how television may influence children, irrespective 
of program corftent. Orte promising line of research by 
Collins (1979) has revealed children's inability to sep- 
arate the central plot from penpjieral details. His data 
suggest they often cannot make \he proper inferences 
about motives underlying acts of aggression or the con- 
sequences of an act for the victim or the actor. What 
they retain is the aggressive act itself. This fragmentary 
experiencing of the filnvby young children is amplified 
by commercials, which frequeotly interrupt the sequence 
from act to consequence. - 

Other studies have begun to examine how a child's 
identification with television 4 chara\ters.^ such as "Mr. 
Rogers," may form a basis forinfluenefc. Can such pro- 
gramming encourage children's prosocial behavior,rSuch 
as cooperattdn, sharing, and giving comfcrfl? In one. 
study (Friedrich and Stein, 1973), researchers- showed 
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four 20-migute prosocial films ("Mister Rogers' Neigh- 
borhood"), over a one-week period to kindergarten chil- 
dren, sometimes in combination with special traimng 
The training consisted of (a) verbal learning in which 
themes from the program were labeled in storybooks and 
rehearsed by the children, (b) rale-playing in which 
themes were rehearsed by the experimenter and the chil- • 
cjren using hand puppets; or (c) both verbal learning and 
role-playing . Exposure to the prosocial filths without 
special training produced an increase i^general content 

/knowledge, but no increase in the child's overt helping 
behavior. With "the addition of any of the training tech- 
niques, exposure to the prosocial filmed to an increase 
in helping behavior. 

The v results of this and other similar studies (e g , 
Coates, et al . 1976) seem to suggest that the prosociah 
behavior of >oung childrerTmay be increased through 

• television onlv when the programming is supplemented 
f by other training procedures Since most.television view- 
ing wirk continue to occur outside of the educational 
context, further research is required on the type of pro-> 
grams that may increase children's prosocial behavior 
without requiring supplementary techniques. J 

Television has clearly become a significant force in 
children's early socialization It can influence both ag- 
gressive and prosociaKbehaviors, however the evidence 
regarding the. strength of these effects and their relation 
to program format and viewing context is limited and 
inconclusive, New research is required on television as 
a socialization agent—research that applies all the rigor 
of theory and method that have been applied to the study „ 
of the family. 



MOTIVATION 

Motivation has been a neglected area of study in child 
development research, although it is a central feature ot » 
many topics covered in this report For example, to say 
that a child has internalized certain moral standards im- 
plies that the child is motivated to act in ways 'dictated 
by these standards, or< to say that an infant seeks prox- 
imity is to assume some underlying motivation 1n recent 
years tjiere has been increased interest in research on 
topics which focus'more directly on the jnotivational 
J component of such behaviors' Dne area concerns the 
/mprivation for prosocial behavior where researchers have 
studied how children recognize another's pain or fear 
and how they'acquire the desire to help. Other research- 
ers have studied the (development of mptivations Jo delay 
gratification arjd to persist at certain tasks in the absence' 
of external rewards. Knowledge concerning these latter 
behaviors will contribute to an understanding of hqw 3 * 
children learn to cor|trol impulses that conflict with long 
term goals, preparing them for the .transition from play 
Xo work. 
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PROSOCIAL BEHAVIOR 

In 1961 Kitty Gfenovese was brutal y murdered in full 
view of over fifty people who made 'ho attempt to help. 
This dramatic event drew public attention to the relation 
between private safety ami public concern, it also 
prompted developmental researchers to stud> the emer- 
gence and motivation of prosocial behavior. Children 
gradually develop the capacities to help others in distress, 
to share possessions, and'to copperate with others qn 
joint tasks. How are these behaviors learned and wha{ 
conditions encourage their performance? Before turning 
to the developmental findings a note on research bearing 
directly on the bystander's hehavior in the Kitty Gerv 
ovese murder is in order. , 

Numerous studies hav£ shown,'' contrary to intuitive 
beliefs, that a'victim i is more likely to receive hel£ when 
there is only one witness than when there are rru\ny. 
Indeed, the research shows that people of all ages tend' 
to offer help when they ape the only witness an^the need 
for help is clear (e.g.. review b'y, Hoffman, 198(a). Fur- t 
(thermore. the percentage of those.who help is qutte high 
Children 8-tO years of. age, for example. were foi^nd to 
attempt to help others in about half the opportunities to 
help that occurred in a naturalistic, setting (Severy and 
Davis, 1971). This # is consistent .with Staub's (1971) 
findings fn*a laboratory experiment'. 50% of the second- * 
to-fourth graders left what thev were doing* to help a 
crying child in the next room Tfiis is particularly inter- 
esting in view of the usual restraint shown b> young 
childFen in laboratory studies^ Although fewer v sixth 
graders offered help in the same situation, h^ltof those 
who had been gwen prior permission to enter the room 
did so, as did over 909c of a seventh-gradfc sample. The 
findings for adults are sometimes quite dramatic, in terms 
of both the frequency an4 speed with which the subjects 
aid the Victim. Clark and Word (1972), for example, 
report that all their subjects rushed to help a man they 
heard fall and cry out in pain, and the average reaction 
time was less than 9 seconds. ■ • 

Spontaneous helping ^r;d sharing have^ee^n observed 
in very young chjldron. Rheingold et al. (1976) found 
that all 20 of thtr^wo-year old? ihdy observed in a natural 
setting containing some ordinary, household tasks (e.g', 
laundry to fold, scraps to sweep lip) helped their mothers 
even though the mothers didtyot request any help Eight- , 
een of the 2Q children helped an unfamiliar woman in 
fhe same situation. German .'children of the same age 
have been observed to engage an the frequent giving of 
gifts in natural settings (Stanjelc, 1973). 

Zahn- Waxier et al., ( 1 979) , have conducted the m6st 
extensive study of prosocial j behavior. Mothers were 
trained to provide detailed <5pservational reports on the 
child's response to another person's distress, and dictated 
their observations into a tajle retptder soon after tfie 
incident. At 10-to-12 months of age; in a third of the 
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incidents., the child just looked at the victim or did noth- 
ing; in'a third to a half oMhe incidents the 'response was 
a frown, a sad face, a cry , and sometimes a v isual check- 
ing Avith the parent. Over the next 6-to-8 months* as the 
behavior just described began to wane, there was an 
increase in concerned attention and behavioral attempts 
to 'help, such as % patting or touching 4he victim. By 18- 
tcf 24 months children were bringing objects to the person 
ho was suffering (e.g.. toys and food to comfort some- 
he sad, bandaids for many kinds of hurts), making 
uggestions about what to do. .verbalizing sympathy,* 
^bringing someone else to help,* and aggressively pro-^ 
peering the victim. They also tried alternative actions 
when one attempt failed. Although chifdren occasionally 
tried to leave the scene, avoid, and at times even attack 
the j victim, these reactions were carc.*Some attempt to 
help was the rule* These lindings are consistent with 
other findings that kk . - infants fulh offer their own 
attention, affection, sympathy, help and possessions to 
others" (Rheingold and Hay. 1978 p 119) 

In studying prosocial behavior many researcher* have 
examined the types of experiences that contribute to the 
tendency to help or share The most frequently studied 
deteqninant of such behavior, »is exposure to models 
Altruistic models do produce altruistic behavior and the 
effect vanbsf depending on such model characteristics as 
warmth, power and hypocrisy. Unfortunately piost of - 
this research deals witfythe child's immediate response 
to the model, and as noted in discussing the effects of 
television, there is little evidence jhus far of lastingf ef- 
fects. The childreanng research suggests that the parent 
may serve as an effective model for altruism but also 
that it is difficult to separate these effects from those of 
two other aspects of jthe parent's role, disciphhanan and 
giver of affection (Hoffman^ 1975a). Altruistic behavior 
in fifth-grade, first-born children was assessed by peer 
ratings. Parental data weje obtained in separate inter- 
views with each parent. The altruistic children weit* 
found to have at least one parent who communicated . 
altruistic values and thus may have served as a model, 
and one who frequently used inductive discipline tech- 
niques. Affection was an influential factor only in the 
mother-son pair. * 

Sharing and helpings younger child have been found 
to relate positively to cognitive role-taking in 7-yeftr-olds 
(Rubin and Schneider, 1973). In c^ie experimental study 
kindergarteners trained in role-takiltg skills vvere more 
likely to aid a younger child, an effect which persisted 
for a week (Staub, 1971). These findings are not sur- 
prising since a person should be 'more likely to help 
another if he can take the other\perspective. We must, . 
howevfer, not lose sight of the fact that role-taking is 
very likely a neutral skill, and it may therefore be ex* 
pected to serve egoistic motives in situations"bresenting 
others as competitors as well as peogle in nqg^ 

There is considerable research on the effects of a per- 
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son's well-being on hi^, helping behaVior. Children who 
are successful, popular, emotionally secure, or self- 
confident, or who have positive moods and feelings of 
success aroused in them experimentally/are more likely 
to help others.* (e.g., Moore et al., 1973). A possible 
explan^yon is that fulfillment, of th'S child'% egoistic , 
needs may reduce preoccupation with his own concerns , 
and leave him open ^nd responsive to the needs of others. 
Once aware -6f the other's needs, the cfiild may,. feel an 
urge to help, share, or comfort the other. What underlies 
this prosocial motivation? Most social scientists believe 
that it is the human tendency to emphathize with others. 

•Empathy has been defined Jboth as an awareness of 
another person's feelings and thoughts, an8 as a vicarious 
emotional response to others. The tWo .conceptions in- 
teract, for the abiliiy to respond v^canouslv depends / 
partly on the extent to which one can infer another's 
emotional state. "Conversely, vicariously aroused emo- 
tion supplies inner cues to the observer about what the 
other person is feeling Thus, while cognitive consid- 
erations cannot be ignored, it is the emotional dimension 
of empathy that makes it salient to prosocial behavior. 

The focus of most research on empathy has been on 
empajhic distress — the empathic response to someone 
in distress. .Hpffman (1978) has proposed a develop- 
mental theory of empathic distress that suggests a coa- 
lespenceof empathic feeling with the child's developing 
seiise of others. Initially the infant may experience dis- 
tress in response to ^another's ^ predicament but lack an 
awareness of who is actually in 'distress (stage /). An 
11-month-old girl, for example, on seeing a child fall 
and cry, may appear about^o cry herself, put her thumb 
in, her mouth and bury her head in her mother's lap, 
precisely her. behavior when she is hurt. With the de- 
velopment iof "person permanence" however, the child 
realizes that another person, not the self, is in distress 
althougiuhe otherVinner states ar$ assumed to be the 
same as her own (stage 2). An 1 8-month-old boy, there- , 
fore, may fetch his own mother to comfort a crying chilcj, 
even when the friend's mother is present. With the emer- ^ 
gence of role-talcing capacities, empathy becomes a more 
accurate response to the other's 'feelings (stage 3) and 
finally, by lat6 childhood, possessing" conceptions of 
others as individuals* with separate lives and identities, 
the child Concludes that others may feel pleasure and 
pain apart from the immediately observable situation 
(stage 4y. Hoffman's model describes how the devel- 
opment of empathy may rely partially on the cKikTs 
cognitive awareness of others, which in turn is shaped 
by the child's overall level of cognitive development. 

Levels of empathic response are assumed to form the * 
basis of a motive to help others and, in general, research 
has supported this notion. Very yoifng children typically 
react empathically to a hurt child although they some- 
times do nothing or act inappropriately, wliile older chil- 



dren and adults also react empathically but this is usually 
followed by appropriate helping behavior (e g . Sawin 
1978). The level 4 of emj^hic arousal and the speed of % 
a helping act increase when there is an increase in the 
number and intensity of distress cues from the victim 
(e.g.^ beer and Jarmecky, 1971). Further, the level of 
empathic 'arousal usually drpps when o v ne perfornjs a 
helping act butjhfc arousal continues at a high leyel if 
one makes no attempt to help (e.g.; Darley and Latarie, 
1968). 

This pattern of findings conforms to the hypothesis 
that empathic distress is a prosocial motive Two qual- 
ifications are in prder, however First, though helping 
increases with the intensity of empathic distress, beyond 
a certain pointi empathic distress may become so in- 
tensely unpleasant — indeed, painful, — that one's atten- 
tion is directed to the self and not the victim (Hoffmarf. 
1978). Second, though people react empathically and 
offer help to most anyone in distress, they a^e more likely 
to do so if they see a similarity between themselves and 
the victim. Children respond metre empathically to others 
of the same race or sex and. with cognitive de^elQpment. 
* to others perceived as similar in. personality traits (Krebs, 
1975). Despite these*qualifications, currenriindings in- 
dicate that erfipathy* is indeed an important component 
in the early appearance of prosocial behavior and -de- 
serves, continued attention by developmental researchers 

l I 

DELAY OF -GRATIFICATION j 

If a young child fs offered the choice of a desired toy 
now or several such toys a week from now. the child 
will mosviikely take the one toy now. When he grows, 
up, he wiJJ, most- htcely choose the larger reward even 
though it requires wajting The motrvdtion to postpone 
immediate gratification for future gain has long held a 
central place in Western social theory' It is viewed as 
essential to the Protestant Ethic and to saving and in- 
vesting, and therefore as an individually adaptive and 
socially functional response in modem capitalist society, 
Since Freud/the ability to tolerate delay of gratification 
als$ has been e viewed as basic to the transition from a 
state of being dominated by one's impulses* to a state in 
which reality prevails, anck therefore as a significant 
milestone in healthy e^a^eveibpment. it /is the one ege 
function ext&nswely researched with, children 

In>a^ypical study, the child chooses between an. item 
available now and a clearly more desirable one available 
in the future. Early research focused r^inly pn social- 
ization patterns, ethnic and social class differences, and 
personality correlates of.chposing immediate or delayed 
rewards. The findings inchoate that children mMess'de- 
veloped countries Xe morp likely to choose the imme- 
diate, les^ desirable rewaVd'than are Americdij children 
In this country, lower class, children are more likely to 
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choose the immediate reward than middle-class children. 
» as are boys^without fathers as compared to boys with 
fathers. Recent research focuses not on* which choice is 
made but on the processes* that enhance or detract from 
ihi child's motivation or ability to delay. Studies con- 
ducted with preschool chiFdren suggest that if the reward 
is physically present or if the child imagines that it is 
. present, this operates against the maintenance of delay 
'behavior. Because the reward constantly reminds the 
child of something he w,ants but does not have, it in- 
r> creases the frustration caused by the delay Conse- 
quently, if given the opportunity, the child will terminate 
the delay aad accept the less pre ferrecf item. Encouraging 
the child to engage in pleasant, distracting thoughts, 
however, facilitates delay (£.g.. Mischel, 1981). 
At first these findings seem to contradict the Freudian 
* hypothesis that generating a mental image of the delayed 
goal object enables the child to /'bide' the,time" until 
the object.becomes available, hence to tolerate delay. 
To account for this apparent discrepancy. Miller and 
Karniol (1976) noted that'Mischefs experiment involved 
•a voluntary , self-imposed delay , whereas Freud was con- 
cerned with externally imposed delay situations such as 
those where the mother leaves the -infant. They found 
that jn a voluntary delay condition like Mischel's. third- 
grade children exhibited more frustration and engaged 
in more distracting, behavior when the reward was sali- 
ent, losing a modifiedniesign in which delay w.as exter-, 
nally imposed, however, the opposite pattern was found 
In additiotf^these researchers found that increasing the 
duration.of the^Ielay resulted in the ctykTs paying less 
attention to a reward-relevant cue (a clock) when the 
delay was self-imposed, but not when* the delay was 
. externally imposed. These findjngs suggest two types of 
delay processes. (1) whei^ delay is exter/iajly imposed 
and Compulsory, salience of the desired object helps the 
child to anticipate having it and thus reduces frustration. 
(2) when delay is voluntary, salience of the object in- 
creases the child \s temptation to take what is available 
n6w, and the child tries to reduce the temptation E>y 

* diverting his attention and doing other things. 

When'Mischefs preschocfl subjects were allowed to 
choose what'happens during the waiting. period — by 
pushing buttons they could determine whether the object, 

/ a picture of the objefr, oy nothing at all would remain 
in front of them — they typically chose to have the object 
in front of them. This, as we have seen, is least functional 
from the standpoint of enabling them to tolerate delay. 
Py 6 or 7 yeans of age, however^ children rarely chose 
to have the object present, thus demonstrating that they 
were aware of the' fact that it would interfere with their* 
ability to delay. . 

This research advances our understanding of the de- 
velopment of the ability to delay gratification but is Lm- 
. ited to short-term delayed gratifications. More research 
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is ne£3ed to determine the extent to which contemplation 
of future rewards contributes to prolonged study or work. 
Factors such as faith or trust in the future may be more 
significant in delays of this kind. 

INTRINSIC MOTIVATION 

Progressive educators have long held that the schooling 
process often fails to capitalize on children's spontaneous 
interest in learning and exploration and indeed may even 
undermine this interest. Qfle study found that preschool- 
ers and 6-7 year olds lost some of their initial .sponta- 
neous interest in a play activity (drawii>g. listening to 
a story) after being promised a reward for engaging in 
that activity (e.g.. Reiss and Sushinsky,. 1976). In an-* 
other study . preschool children lost interest in an activity 
after performing it jn front of a television Camera (Lepper 
and Greene. 1975). There also is evidence* that , the adr 
verse effects of rewards on motivation mo,y be reflected 
in poor performance on certain tasks. Sixth-gcudeN who 
like to help younger children were found to be more* 
demanding and cntical.\ess patient, and less effective 
(their pupils tlid more poorly ) in teaching a porting game 
to first graders, if promised movie tickets for this 4 helpifig* 
activity, jthan if no reward was promised (Garbanno. 
1975). • V 

, The usual explanation for these negative effects of 
extrinsic rewards is mat the child views Jiimse If as en- 
gaging in an activity only to obtain rewards, "not because 

^he likes the activity An alternative explanation is that 
the promised reward leads to reduced interest in the ac- 
tivity because the reward served as a novel, distracting, 
and competing stimulus. This 'latter v iew is supported 
by.the finding that no reduction in intrinsic interests 
5-year olds occurred when the reward did not compete 

'with the activity (Reiss and Shushinsky, 1975). Fur- 
thermore, ' although rewards that are logically unrelated 
to the activity may decrease intrinsic interest, there may , 
actually be an increase in intrinsic Interest when the 
rewards are an inherent part of the activity , e g winning 
money in a "stock market" game (Kruglanski, 1975). 
An alternative explanation is that the activities that in- 
"ffcrest children are often linkedio their self-system (e g., 
are often a source of pride).' Rewards provide an external 
motivation that may undercut this self-motivation. 
Therefore if a reward were gtven only for superior per- ~ 

^formance.'it might link up with the self-system because 

, it (fomrruHiicated something .about the person's compe- 
tence. Evidence for this view was obtained by Rosenfield 
et al. (1980) who found that intrinsic interest in an ac- 
tivity was. increased by rewards that were made contin- 
gent on the quaVy of the subject's performance. 

Further research ii needed, however, tb disentangle 
the effects of the child's'age. the ty pe of task. thQ relation 
between the external reward and 6 the. task. a.nd Between 
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the reward and the child's self-system. What we can sa> 
at present is the evidence suggests that offenng rewards 
ma> often undermine the^ child's intrinsic interest in a 
task ai)d tiave a detrimental effect^on performance. * / 
if rewards often reduce intrinsic motivation, where 
does" the c irftrinsic motivation original? Lepper and 
Greene, (1975) suggest that, under certain conditions ex- 
ternal rewards may actually contribute to intrinsic inter- 
est over the long term. For example, external rewards 
may be necessary to get the child involved inactivities 
that.may later become intrinsically attractive once the 
chili has attained some minimal level of master) (e.g., 
playing a musical instrument). This seems to suggest 
that 'there ma> be an optimal balance between external 
incentive and the ghildV initial level of 'interest in an 
activity. 

, A stud J b> Miller et al. ( 1975) suggests that intrinsic 
motivation ma> sometimes^, produced ^y the simple 
expedient of attributing it to the child. In an attempt to 
teach fifth-grade classed not to litter, and to clean up 
after others, an attribution* group was told once a day for 
eight days that they were neat and tidy people. A per- 
suasion group was told with the same frequency that they 
"should be" neat and tid> and were given reasons, for 
doing so. Attribution proved considerably jnore effective 
in modifying littering behavior, as measured both orf*the 
tenth dav and two weeks later. The investigators suggest 
'that attribution may T have worked because jt imphes ' 
something positive about the child and thus provides a 
positive lfnk to the self-system, whereas persuasion im-, 
plies something negative 

Research on delayed gratification and intrinsic moti- 
vation illustrates how children's early emotional involve- 
ment in physic&l an d cognitive tasKs ma> establish the 
basis for morq enduring motivational characteristics. 
While these motivations undoubtedly contribute to chil- 
dren's growing adaptive abilities, the findings: th^s far 
provide only a glimpse of how the> develop Jhe emo- 
tional capacities essential to satisfying and grbduttive 
activities later in life . " • * v 

SEX-ROLE DEVELOPMENT 

' ~~ . 

Many of the recent changes in society reflect new atti- 
tudes about expectations for males and females. Women 
are entering the labor force in increasing numbers and* 
* are at times the major breadwinner. Men are increasingly 
expected to share in the childrearing and housework^The 
high divorce rate has led to many more;one-parent'fam- 
ihes. There is ao increasing concern with equity between 
the sesxes a; wdfWnd at home. These changes have 
raised guestibns about their psychological impact on 
families, especially children. For example, whatsis the 
t effect of socializing, children for one tyjpe of adult role 
"aijd then, when they 'are older, expecting something dif- 
ferent? These latter effects 1 will be 'discussed in subse- 



quent sections. This section considers now changing sex 
roles iiave stimulated theorizing and basic research on 
sex differences and the processes underlying them 

SEX DIFFERENCES IN BEHAVIOR ^ 

There are different views about which sex differences 
actually/ exist Most researchers agree with Maccobv and 
^Jackhn (1974) that the differences in physical aggres- 
siveness, male superiority in visual-spatial abilities ^nd 
mathematical skills, and female superiority in verbal 
skills are well substantiated Others would add that fe- 
males are also more apt to seek help and reassurance, 
and, aHeast when they are young, to comply with adult 
demands and requests (Block, forthcoming). Recent re- 
' search also indicates that females are better able to infer 
from facial and other cues what other people ar^ feeling 
* (Hall, 1978), and more apt to respond empathically to 
foe feelings of others (Hoffman, 1977b). The prevailing 
view is that, with one exception, these differences are 
due to socialization experiences. The one exception is ■ 
the sex difference in physical aggression, which may 
have a biological basis Even with aggression, though, 
socialization may play a-role. Boys receive less affection 
than girls, and are* disciplined rnore often with power- 
assertion and Jess often with induction (e.g , Zussman/ 
1978) — the pattern noted earlier as fostering aggression 
The predominant belief since Freud is th^t children 
identify with the parent of the same sex for reasons that 
' initially have nothing to do with sex^roles Psychoan- 
alyse writers attribute (fns to the child's anxiety over 
pfiysical punishment or loss of parental love to avoid 
anxiety , the child strives desperately to be like the parent 
and thas acquires not only a conscience but also an ap- 
propriate sex-role ^identity* According to social-learning 
theories, the child emulates the parent for different rea- 
° sons, for example, they acquire the parent's power, mas- 
tery, and qther resources.' There is little pertinent re- 
search, and the results are not cle^r AVhen children are 
asked to narne-the person they most want to be like, they 
usually pick 'the parent of the same sex (e.g., Hoffman, ^ 
1975b). ThisTS^ecially trueof b.Qys. When we observe 
who they actuallyjmitate in a lab6ratory situation,, how-^ 
ever, the\ are ap/to imitate the parent who is the more 
dominant figure in the home (makes more decisions) 
regardless of that parent's sex (e.g., rjetheringon, 1965). 
The one case fitting the pattern expected* by the identi- 
fication theorists is that of girls in^traditional hordes ini 
which the father is dominant, the girls who.imitate their 
mothers generally show more feminize sex-role prefer- 
ences than girls who imitate their fathers (Hetherington, 
196$). / 

Although it has also been assumed that children imitate 
peers of the same sex, the research does not provide cltfar 
support. The reason may be, as Perry and Bussey (19^9) 
suggest, that children do not imitate any single, person 



just because that person is of the same sexTbilt 'instead 
first watch the actions of many persons of each se,x and 
abstract a concept of what is appropriate behavior fer 
males and females. The> then use this concept as a guide 
for governing their own behavior. Perr> and Bussey's. 
research^ show s^ that this ma> happen in 8- and 9 : >ear 
bids, but what about children who are too yfcung to do 
.the necessary abstracting? The most likely explanation 
lies in the socialization pressures placed on the child 
' Research on 4ex-role socialization (reviewed by L. 
Hoffman, 1977) includes several findings. (1) The stage 
is set for sex differences even before birth. In most coun- 
tries, including the United States, there 'is' a .strong pref- 
erence for having male children.*(2) From an earl) age! 
parents play more roughly and vigorously with infant 
boysjhan girls. Since boyVare no sturdier, this may 
reflect the cultural stereotype that girls are more fragile. 
(3) Boy's are given more encouragement by parents for 
independent exploration .of , the environment, for exam- 
ple, they are allowed to roan\ over a wider area of the 
.community without "special permission. (4) Different 
'toys are made available and different "household tasks 
are assigned For "girls, the toys and the tasks are ip 
keeping'witfrthe traditional mother role. Boys are given 
toys that represent thauworld of work and assigned tasks 
typically carried out b> father^. This traditional division 
continues to exist despite recent changes in social ex- 
pectations '(e.g., fewer parents now think that shoveling 
the walk l^jjd washing the car should be done^only by 
boys' or that housework should be (jone 6nl> by girfs) 
(5) Although both setfes ar^ encouraged to do well in 
school, greater pressure, especially by fathers, is put on 
Boys fo achieve This<5s shown dramatically in an ex- 
periment in which th^ parents separately taught their 
children several cognitive tasks. $oth parent*/ used the- 
same basic teaching strategy, but fathers showed more 
concern with performance, especially of their sons. With 
their daughters, the fathers were concerned less with 
performance and morp with the interpersonal a'spects of 
the situation, for example, they were more protective 
and tned tojnake the situation more enjoyable. 

Parents apparently respopd negatively to obvious 
•forms of cross-sex behavior, especially in boys. This is 1 
demonstrated by the cleverty 'designed experiment, of 
Lahglois and Downs (forthcoming), Children were asked 
to play with a set of sex-typed toys. The female set 
included a (tollhouse with furniture, pots and pans, and 
dreSs-up clothes. The male set%icluded an army game 
with soldiers and'veflicles, cars, and cowboy outfits. The 
instructions were to play with one or the other set of toys 
"the way boys do" or "tfye way girls do." As soon as 
the children began to play, the child's mother or father 
entered tfie room. Fathers were more concerned thafi 
mothers when the child played with the sex-inappropriate 
toys and tfiey reacted more negatively when their sons 
did % is than their daughters. In addition, boys who 
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- played with feminine toys received more negative in- 
actions from a male, playmate thtfndid boys wfto played 
with masculine^ toys. Female playmates respondecf the 
s§irfe way regardless- of the toys the girls played with 
This study suggests that boys may experience more pres- 

; sures for sex-appropriate behavior from parents and peers 
than girls do. 

There is some evidence, contrary to Freudian theories, 
that females are more njofrally internalized than males. 
In a national survey, fourteen- to sixteen-year olds were 
asked why parents made rules and what would happen 
if there were none. Boys, more often said parents made 
rules to keep children out of trouble (Dojuvan and Adel- 
son, 1966) In an^expenmental study 4 , females'morejiiften 
resisted instructions to violate a" norm against harming 
others (Kilham and Mann, 1974). This finding is partic- 
ularly remarkable because females more often conform 
to instructions in experiments not bearing on moral issues 
(Waliach. and Kogan, 1959) In a field experiment, fe- 
males more o„ften returned valuable items found in the 
street when no witnesses were present When others were 
present,, there were no sex differences (Gross, 1972) In 
an extensive study of ft- 14 years olds in the Detroit 
area,- females gave strong evidence of having more in- 
ternalized moral orientations than males. The) were 
more likely to feel guilty when they \ i61ated a moral 
norm, for example,, whereas males were more likely to 
show' fear of external punishment (Hoffman, 1975b). 
Females also revealed a more humanistic moral oyeg- 
' tation, for they, placed a greater value on going out of 
one's way to help otfters. The males placed a higher' 
\alue on achievement, but- tlks appeared to reflect an 
orjentation toward self-gratification rather than a moral 
orientation/ 

The 'sex difference in moral orientation may be due 
partly childreanqg differences, since parents of girls 
•more often use inductive discipline and express affection 
(Zussman, 1978). But the same pattern of se^rfferences 
in moral orientation has also been found for the parents. 
This suggests the need fof*a broader explanation. One 
possibility is that because females,tra&tionally have been 
socialized into the "expressive" role — to give and re- 
ceive affection and to be responsive to other people's 
needs — they are well equipped to acquire humanistic 
moral concerns. B^oys are socialized this way too, but 
as they approach adolescence they are, increasingly in- 
structed in the "instrumental" character traits and skills 
needed for occupational success, which may often con- 
flict with humanistic moral concerns. Burton < 1 972), for 
^example, found that under high achievement pressure,, 
parents may sometimes communicate That it is more-im- 
portant to succeed than to be honest. . 

These findings, if substantiated, are potentially im- 
portant. Since ouf society still tends to define masculinity 
largely in terms of achievement and .success, the in^oc-- 
trination of adolescent boys into the male role may often 
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conflict with the moral norms that they ma> have inter- 2 
nahzed in childhood. Furthermore, these pressures may 
be powerful enough to override the moral norms and dull 
the edges of sensitivity to the needs &f others. The in- 
strumental world^uTshort, may often operate as a cor-' 
rupting influence on the morality ofjnales. It is important 
to know whether this will also happen-to women as more 
of them assume M instrumental role in society and if 
it does, what wirl the -implications be for the moral so- , 
cializatibn of children in the. future 

ACHIEVEMENT AND FEAR OF SUC&SS 

f 

Contrary to the cultural stereotype that mal&s are more 
motivated to achieve than are females', research does not 
confirm sex difference in achievement motivation. The 
achievement measures (e.g., preference for difficult 
tasks, achievement themes in response to school-related 
projective stimuli, level of aspiration), however, do not 
require the subject to choose between achievement* and 
other values. In one study' that did require a choice 
(Hoffman, 1975b), children and adults rated the impor- 
tance of 18 personal attributes, including/ 'trying your 
• best in everything you do" and 4 'doing well in school 
(work)." In five large,, mdepencfcnt' samples (one 5th 
grade, two 7th grade, two adult), the males chose these 
achievement items more often than the female's, who 
preferred items pertaining to consideration for others 
Thus males do appear to place .greater value on achieve- 
ment, although the previous research indicates females 
are as likely as males to have achievement motives 
aroused in situations that call for achievement and do 
not conflict with their other values. . 

Some research suggests that tvomen may develop -a 
fe*ar of success. In one study, fear of success was meas- 
ured for children in the fifth through eleventh grades who 
performed several tasks under competitive and noncom- 
petitive • conditions (Romer, 1975). "No sex differences 
or age trends fn fear-of-success scores were found. How- 
ever, at the two older grade Revels, girls who feared 
success performed more poorly in xhe competitive con- 
ditions. In fact, most, research on fear of success has 
focused on college students arid the only long-term fol- 
low-up of csjlege women (L.«Hofftflan, 1977) fqund that 
fear of success dropped significantly over a nine-year 
period. If achievement motivation and fear of success 
are important sex differences, and the research is; quite 
inconclusive on this point (Zuckermanr and Wheeler, 
1975J, then there is a need for more investigations of 
their childhood antecedents. 



SEX-ROLE PREFERENCE AND PERSONAL ADJUSTMENT 
9 * 

There is increasing evidence that traditional sex-role .so-, 
s cialfzation may not be conducive to healthy personal 
adjustment. In an attempt to test this proposition, Bern 
. * 9 



(1975) found that col|gge males with, strong masculine 
A preferences showed an impaired capacity for tenderness 
(in interacting with a kitten) and females wfth jstrong 
feminine preferences found it difficult to resist irrational 
social pressures to conform. Androgynous subjects of 
either sex showed both types of competence Indirect 
"eftderfce comes from a study, by Rosenfeld (1975), who 
presented fourtmasculine and feminine sex-typed toys 
(controlled for relevant variables such as cost), to chil- 
\ dren in grades one to three and asked them to "think of 
the strongest, most exciting, and most interesting way 
you can for changing this toy so that boys and girls will 

* have more fun playing with it." Both boys and girls 
responded with*far more varied approaches for improving 
the masculine toys. If feminine toys thus l^ick inventive 
potential, they may elicit little creative competence, and 
parents who encourage girls to play with them may do 
them a disservice. There is evidence from' parental re- 
ports and home observations of 18-24 month old infants 
(e.g., Fagot, 1974), and observations of adults interact- 
ing with a 3-month-old infantontroduced as a male or 
female (Seavy, et aK, 1975), that parents still encourage 
girls to play with feminine toys, although they sometimes 
do offer them n^asculine toys. 

Life-span criteria can also illuminate the deficiencies 
of traditional sex-role socialization, for it is cleat that 
the role requirements of adulthood may conflict with the 
socialization goals of earlier periods. Forexample, same- 
sex interests and tjarts peak in adolescence, and data 
from the Berkeley Growth Study showed that boys rated 
highly masculine in adolescencf^also scored high on' 
adjustment but lost ground later in life when masculine 
attributes (e.g., athletic prowess) became less important. 

^ Apparently, due tofhe high status" associated with mas- 
*tuli$ty, they found it less necessary to develop inter- 
personal' and intellectual skills and wereVonsequently 
disadvantaged as adults.' Such^discontinuities have al- 
ways existed but current changes in sex roles may in- 
tensify the effects. Douvan (1975) argues that the trend 

' toward de-differentiation o'f'sex roles poses more prob- 
lems for males'than females The new challenge for girls 
to develop and sustain, individuarachievemerit goals does 

* not introduce a radically new native (for most), nor m 
require them to deny previously developed motives, - 
since early scho&tmg trailed them to achieve, cbmpete, 

. and use their individual competencies Besides, in the 
emerging postindustrial era, the emphasis is shifting 
gradually from production and technical skills to the 
manipulation of wcords'and ideas and to interacting with 
people— skills similar to those involved in traditional 
female socialization. The challenge is greater for mples 
because they are increasingly expected to contribute their 
share'tJJie more "expressive" side of family and Social, 
life. Tms implies the expression of motives and interests 
that mfoy have been forcefully socialized out of them in* 
childhood. It is possible, therefore ,*th at traditional mas- 
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culine socialization may be a handicap for boys growing 
up during this period of cultural transition. 

Androgynous socialization may provide the best prep- 
'aration for both males and females to handle changing 
wrole demands throughout the life cycle. But the existing 
, research findings are* limited and serious questions-have 
been raised ahout whether androgyny is in, fact a satis- 
factory alternative to traditional sex-role identity (see 
especially Baumrind', 1980). Consequently, the study of 
sex roles *will continue to be an important focus for de- 
velopmental research." * 

1 

THE EFFECTS OF MATERIAL EMPLOYMENT 2 

The phenomenon of mothers/working outside the home 
has increased from a rarity to the point where it is vir- 
tually the norm, and there is every indication that this 
trend •will continue (U S, Department of Commerce. 

' 1979)' For the last 10 years, over half the mothers who 
live with their husbands and have scliool-age children 
have been employed and almost 42% pf the.mothers of 
preschoolers are now employed. Employment rates are 
higher for mothers in single : parent families, and such 
families are also increasing. » 

What effects will this increased maternal'employment 
have on children 0 Preschool children of working mothers 
will spends mote time with another adult during working* 
hours Even when children enter school their lives at 
home after school will differ Considerably from children 

* whose mothers do not work. There is evidence-that they 
will spend more time* alone. and watching television. 
Initially these # changes influence the quantity of time # 
mother can spend with a child; but not'nedessarily the 
quality Owing to a decrease in familysize and an in- 
crease 'in efficiency in Household operation, it is not 
certain that today's children with working mothers ac- 
tually receive less attention than did children in the past 
with mother^ at home. There is evidence, for example^ 
in a study of middle-cla^s ^preschoolers, that today's 
working mothers may sperid'as much time in one-to-one 
mother-child contact as today's nqnworking mothers 
(Goldberg, 1977). Even if children of working mothers 
did receive less attention the effect on their social'and 
emotional development would 'not necessarily* be nega- 
tive. There is "some evidence that educated non working 
mothers may' over-invest in their children, bringing on 
an excess of worry and ^sufficient encouragetnent .of 
independence (Birnbaum, 1975). Mothers'who work and 
are satisfied with their work role, by contrast, may ac- 4 
tually find their eff&tiveness as parents enhanced (e.g., 
Gold and Andres, 1978b). In the final analysis, however, 
one must consider how children's altered life style, due 
to maternal employment," influences their development. 
As the effects can wy with the stage of development, 
this research * will be reviewed with reference to the 

.-child's age. 
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" • Unfortunately, relatively little is Inowo, about the ef- 
fects of maternal employment on infants and young chil- 
dren. A major cdncern *h this age is the impact of day 
bare arrangements that must substitute for the mbther's 
attention. In general most studies have not demonstrated 
significant adverse effects of quality day care for infants 
(e.g., Rubenstein and Howes,* f979). In a longitudinal 
study by Moore (1975) begun in the l#50s, it was found 
, that boys who received full-time mothering during their ^ 
preschool years, compared to part-time arrangements, 
were more intellectually able but also more conforming, 
fearfijl, and inhibited as adolescents. "Hetherington * 
(1979), in studying the effects of divorce on 4-year olds, 
found that the adverse effects of (JjvoJce werediminished 
when the mother had been employed before the divorce." 
TJie mother's job helped her to cope with the divorce 
more effectively, both psychologically and economi- 
cally. Difficulties arose, however, lfrtie mother started 
work at the time of the divorce. While the new job helped 
the mother by providing self-esteem and new social con- 
tacts . it also disrupted established Toutines and added to . 
the chad's losses. 

There is an urgent heed 'for more research on the effects 
of maternal employment on infants and preschool chil- 
dren. Studies of older children suggest that this work 
should focus on what is happening to.the # child when the 
mother is at work: Is the child jn a stimulating, affec- - 
tionate, and stable environment? In what way is {hat t 
environment different from the one that would exist if 
the mother were at home? Would the mother be resentful 
or inattentive or le'ss effective than the substitute care- 
taker? What is the quality of the mother-child interaction 

' when the mother is with -the child? 
j Research findings indicate that in the working mother's 
home ther,e is a less traditional division of labor between 
husband and wife. Though the woman maintains^ the 
larger sharerthe husband participates more in housework 
and child care. He is less likely to have a second job 
and thus'has more time for the family. The children are 
more likely to hav6 f household responsibilities. Yet the 
after-school home care of these children is an issuer of 
some concern,** especi^Iy among adolescents. Parents 

^employ a variety of strategies, from using family mem- j 
bers as baby-sitters to self care. Remarkably, the vast 
majority of studies to date have shown that maternal 
employment has little negative effects on children's de- 

• velopment during the school years, and^ would appear 
.sometimes to have a positive effect. The pattern for 
daughters is particularly clear, The daughters of working 
mothers are more outgoing 'independent, active, highly » 
motivated, they score higher on a variety of indices of 
academic achievement,, and appear better adjusted on 
social and personality measures. For sons1%he needs of 
adolescence seem well suited to maternal employ ment- 
In a study by (jold and^Andres (J978aj, both the sons 
and the daughter of t working'niothers showed better 
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social and personality adjustment; a greater sense^of per- 
sonal worth, more sense of belonging, better family re-, 
lations, and betteMnterpefsonal relations at sctyool.lt 
must be noted fl|a< none of the studies ofmaternal em- 
ployment during adolescence focused on situations 
where mothers had recently become employed, howeveft 
There is a need for new research on the effects of ma- 
ternal employment that accounts fbr the timing and 
length of employment as it relates to children's devel- 

' opmental stage. 

Although juggling tj^ worker and home-maker role 

"can become difficult and the resulting maternal stress, 
can be detrimental to a child of any age, studies indicate^ 
that the mother's employment can have positive effects 
as. well, particularly on middle-class girls in later child- 
hood and adolescence. What is known suggests that the 
mother's employment is not an inevitable lo^s for the 
infant or young child, but neither does it appear to be 
irrelevant. New research is requvred to understand more 
fully how alternative child care arrangements meet the 
needs of infants and children at different ages. Whi}e 
most'studies to date indicate only minimal negative Ef- 
fects of maternal employment upon children^ social and 
emotional development, the evidence must be considered 
inconclusive^ New studies must assess a wider range of 
social and emotional factors and follow children for 
longer periods of time. ■ 

IMPACTS DIVORCE ON CHILDREN 1 

the rate of divorce involving children in the United 
States has increased dramatically in recent years. It is 
estimated that 40% of the current marriages of young 
adults will end in divorce and that 40-50% of children 
born in the 1970s will spend some time living in a single- 
' parent family. The average length of time spent by chil- 
dren in a single-parent home as a result of marital dis- 
ruption is about six years. The majority of these childrer^ 
reside with their mothers, with only 10% living with' 
their fathers even though this proportion has tripled since 
i960. Living with the father is most likely to occur with 
school-aged rather than, preschool children. 

Early research on divorce revealed it to be not a single 
event but rather a sequence of experiences involving a 
transition in the lives of children. This transition involves 
a shift from the family situation before divorce to the 
disequilibrium and disorganization associated with sep-, 
aration and divorce, through a period when family mem- 
bers are experimenting with coping mechanisms— &me 
successful and some unsuccessful— for dealing with their 
new situation. ThiS is followed by the reorganization and 
eventual attainment of a new pattern of equilibrium in 
^ single-parent household. Finally, for most children, 
within five years of the divorce there is also a period of 
reentry into a" two-parent family involving a stepparent 
and necessitating further alterations in tfre family func- 
tipning. Any assessment of children's adjustment to di- 



vorce and of the*factQrs influencing that adjustment must 
consider this total sequence of divorce experiences - 

Initially divorce may involve relief from a destructive 
family relationship, offering the child an escape frqm ^ 
one set of stresses and ' an opportunity for personal v 
growth. Yet almost all children experience divorce as 
painful. Whi|e v some children are able to recognize 'later 
that the divorce had constructive outcomes, initially they ■ 
undergo Considerable emotional distress with family 
dissolution. * ! 

Numerous studies 'have explored how divorce alter* , 
the patterns of family interaction and howthese inter- 
ruptions Create both stress and opportunities fbv grdwth 
This research has documented a pattern that has t^pme 1 
familiar to many in our society The single parent house- 
hold often experiences a downward -shift in economic 
k status. The head of the household, usually the mother. 
^ experiences extreme psychological stress, and the re- 
allocation of roles' and responsibilities within\the family 
often leads to a chaotic hfestyjc Physical relocation may ^ 
occur, causing shifts in the family's* social netwOF^ The 
mother may -become employ ecfanfrtherefore absent from 
the home for extended periods The immediate loss of 
f/equent contact with one parent, is often accompanied 
by'open recognition and expression of parental conflict, 
sometimes competing the child to be loyal to one parent' 
over the other. These changing conditions are important ^ - 
to a child's development primarily because they modify, 
the basic social and emotional interactions between par- »< 
ent and child. ^ 4 

Xhe parents' response to divorce and the quality of the 
childVrelationship with both parents immediately after 
divorce have a substantial effect on the child's ability 
to cope and adjust (Hetherington et al, 1976) In the 
first year after divorce, parents often are preoccupied 
with trfeir own depressions-anger, or emotional needs 
and are unable to respond sensitively to the- wants of the 
child. During mis period, divorc^l parents tend to be 
inconsistent, less affectionate, ^and lacking in control ' 
over their children (Hetherington et al 1578) However, 
they often recover .markedly in, the second year. 

Regardless o\ the extent of the noncustodial parent's 
contact with a child, the well-being of the divorced, 
mother and the quality of her maternal behavior become 
central to the Child's adjustment. The mother's sense of 
■competence, self-esteem, and happiness is modified by 
the behavior of her pildren, particularly her sons The 
' mother who must cope with too^many young children * 
or with acting-out> non-compliant behavior in sons be- 
comes increasingly distressed and inept in her parenting- 
Divorced adults have more health ancl emotional prob- 
lems, even after the initial crisis period, than do/married 
adults (Bloom, et al., 3978). This suggests that tfife child 
maywbe corfing with a mother whojs not only confronting , 
many stresses but whe may be 'physically and psycho- 
logically less able to cope with adversity. 
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Divorced mothers often expect their children to fulfill 
some of the functions of the departed father There may 
^ be great pressure for elementary-school-aged children' 
and adolescents to function in a^ mature, autonomous 
* manner and thejnother ma,) even rel> onjhe chilflrenj. 
for emotional support and assistance with problems of 
dail> W.Weiss (1978) h as described the phenomenon 
of great self-sufficienc> and rapid maturation«that often 
occurs in one-f)arent families If the mother is not rnaking 
excessive or inappropriate demands for erfiotional suste- 
nance, her greater openness about concerns and plans 
can lead to ci»tp£ssiohate relationships with her chil- . 
dren However, being pushed toward early independence 
and the 'assumption of adult responsibilities can lead 
some children to feel overwhelmed by uns*olvable prob- 
lems, i ncofripefe nee ^ resentment *a bout lack of support 
'and una\aila6ility of mother^, and occasional!) to pre- 
cocious sexual concernsUe g . Kell). 1978). . 

Whilelhese patterns of interaction are predictable out-* 
comes of divorce, evidence about the influence' of these, 
changes on a child^s development is conflicting and still 
quite limited' It is clear. however, that the effects of 
divorce vary considerably depending upon the particular 
history and characteristics of the individual child The 
data suggest that most children can cope with and adapt 
to the short-term crisis of divorce within a lew years 
However, if the crisis is compoufided by multiple stresses 
and continued adversity, developmental disruptions may 
occur The longer term adjustment of the child it related 
to. more sustained^ or concurrent conditions associated * 
with the quality of life in a household headed by a single 
parent These conditions include— alterations in support 
systems, the increased salience of the custodial parent, 
the lack of availability of the noncustodial parent, the 
presence of one less significant adult in. the household 
to participate in decision making, to serve as a model 
or disciplinarian, or to assume responsibility for house- 
hold tasks and child care. Finally, there are change's in 
family functioning related to continued stresses, associ-» 
ated with practical problems of living, such as altered 
economic resources. 

Children's responses and adaptations to divorce vary 
widely in quality and intensity Some children exhibit 
severe^or sustained disruptions in development, others* 
seem to sail through a turbulent divorce and stressful 
aftermath and emerge as competent, well-functioning 
individuals. 'Although there is increasing interesrin the 
relative vulnerability or invulnerability of children to 
psychosocial, stress (e.g . Garmezy, 1975) this iss*ue has 
not jbeen systematically explored in relation to divorce. 
•It seems likely that temperamental variables, past ex- 
perience, and the child's ag$ all contribute to individual 
differences in coping with divorce. 

The child's adaptation to divorce appears to vary with 
age For Example, the young child is less able to appraise 
accurately the divorce situation, the motives and feelings 
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of the parents, his or her ovvtfrole m trf: divorce, and 
.the array of possible outcomes. As a result the youn^ 
child <s likely to be more sclfrbkiming in interpreting the 
cause of divorce and to distort perceptions of the parents* 
emotions, needs.. and behavior, as well as the prospects 
of reconciliation of total abandonment (e g.| Tessman. 
1978). Although -most adolescents experience consid- 
erable initial^paiivind anger when their parents divorce, 
once the immediate trauma is over they are able to assign 
responsibility for the divorce wore accu/ately . to resolve 
loyalty conflicts, and to assess and cope with economjc 
and other- practical, exigencies (e.g.. Wallerstein apd 
Kelly. 1975). Thus adaptation is often accompanied, 
howe\er. By premature and sometimes destructive dis- 
engagement from the fapiily. If the home situation as 
, particularly painful, adolescents (more than younger 
children) do have the option to disengage and seek grat- 
ification elsewhere, su^h as the neighborhood, pee'r^ 
group, or- school/ * ' ' . t 

The impact of marital discord and divorce is more, 
pervasive and enduring for boys u>un for girls (eg . 
Hefyerington. er*ai., 1978). Disturbances in social and 
emotional development in girls Ucjzely disappear within 
two years of divorce, although they may reemerge at 
adolescence in the .form of disruptions in heterosexual 
relations iHethenngton. 1972). Although btfys improve 
markedly in coping and adjustment in the two y^earsafter 
divorce, many continue to show developmental devia- 
■ tions Boys from divorced fam|hes. in contrast w ith girls 
from divorced families and children from intact families, 
s show a higher rate o'f behuvfor disorders and problems 
% in interpersonal relations, both in the home and in the 
, school Avith teachers and peers. Although boys and girls" 
both sJ^ow an lgcrease m dependent help-seekingf and 
' affection-seeking overtures following divorce, bo^s are 
more likely also to show more sustained noncompliant 
aggressive behavior in .the, home (Hethenngton r et al.. 
forthcoming). 

Reasons for these sex "differences are complex. Recent 
divorce studies .show that boys are* more likely to be 
exposed to parental battles. Following divorce, they are 
more likely , to confront inconsistency, negative sanc- 
tions, and opposition from parents, particularly rtiothers. 
In addition, boys receive lostf positive support ami nur- 
turance, and in the period immediately follow jpjfdivorce^ 
they are vie.wed uiore negatively than girls by mothers, 
teacfrers, and peers (e.g., Hetherington et al., 1978). 
Divorced mothers of boys report feeling more stress and 
depression than do divorced mothers of girls te.g., Col- 
letta, 1£78). It is possible then, that boys are exposed 
to more stress, frustration, and aggression and* have 
fewer available supports. 

It is knowrj thaj when children experience only a single 
stress, there. is no appreciable psychiatric risk. However 
when children whp have been exposed to ohronic stress, 
or several concurrent stresses, must deal with family * 
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a discord, the adverse effects increase markedly. In ad^ 
dition, extrafamihal factors such as stresses and supports ^ 
in other social institutions or networks, the quality of 
housing, neighborhoods, child care,jhe need for the 
mother toworK, economic s,tatus, and geographic mo- 
bility will moderate or potentiate stresses associated with 
divorce (Colleta, 1978). Divorce can actually increase, 
the probability of the occurrence of another stressor. This 
is most apparent in the stresses associated with the <}own- ' 
ward economic movement that frequently follows di- 
' vorce and jnaket raising children and maintaining a 
1 household more difficult (e.g., Bane, 1976). 

There has been little research on the long-term effects » 
of divorce.-In a national survey o£ adults whose parents- 
divorced when they were children, Kulka and Weingar- 
ten (1979) examined theirpsychological adjustment and 
the responses toward marital and parenting roles. That , 
study compares the^urvey responses of two large -and * 
representative samples of the'Amprican adult population. 
The first' survey was conducted in 1957, the second, in 
^ 1976. These two samples 'span the period of an unprpc- . 
edented increase in the divorce rate. However, most of 
the adults surveyed in 1976 were children of divorce at 
a tim(s when it was still a relatively unusual occurrence. 
(Thus, this study docs'not tell us about the long-term 
^effects of divorce on children lfving^Tn a more permissive « 
social climate.) Kulka and Weingarten found some dif- 
ferences in children of divorce,in f957 arid 1976, some, 
of which may stem from changes in social Rvalues . In 
both samples, trjey have found some differences in ad- 
justment between those adults whose -parents divorced 
when they were children and those adults who grew'up 
in intact homes. But, most important, Kulkk and Wein- 
garten report far fewer, differences between adults Jrom 
intact and divorced families of ongin than might be- ex- 
pected, givenlhe short-term, relatively high l&vels of . 
distress discussed earlier. They find that being a child % 
of divorce is related to some measures of adult psycho- 
logical adjustment and 'to some responses to marital and 
parental roles, buUhat these relationships are relatively 
few in number .and statistically small. 

It must be noted, however, that it is extremely difficult ' 
to detect the long-term consequences of a singte event'. 
A year-long process of separation and divorce will absorb 
mucfoof the lifetime and enetey^of a child of five who' 
has £ew resources beyond tire family: By the time that 
child has reached twenty-five, however, other cns&s, 
some mpre intense, some of longer duration, may well 
~4*ave occurred. Furthermore, many opportunities for 
health, growth and development may also have arisen. 
Thus, the Kulka and Weingarten research raises many * 
general questions about the_yays in which early, expe- 
riences (what experiences? how early?) affect later 4 life 
(what aspects of life? how much later?\ * f — - 

These are central conceptual and methodological is- 
sues In developmental psychology/ Hdw the effects of / 



early, experiences ~are maintained and* i incorporated as 
major themes in *adult functioning, or recede in impor- 
tance as time passes, are not, well understood It is likely 
that crises such as divorce can best be described as events, . 
tbat'initrate a somewhat; predictable and characteristic 
short-term Sequence of problem*(and possibilities; and 
\hat'these, in' turn, have both an independent effeet on 
subsequent functiorting^nd lead to new problems and 
'possibilities. The* divorce may begin ^ chain reaction, 
but it does not determine how it wilbreverberate The 
child's personality, the social milieu,, and subsequent 
tvents are factors that must be taken into account. But- 
a sound understanding of this developmental sequence 
awaits the results of longitudinal studies that have yet^ 
to be conducted. \ j ' >J\ ' " 



FUTURE DIRECTIONS . 

Several themes for needed research arid improved meth- 
ods emerge from this review While many future efforts ' 
will of necessity build upon the. studies reported here 8 , 
others will break new ground and attempt to fill gaps in 
our knowledge that can no longer be ignored Although 
•no one can predict where major new insights will appear, 
it is both desirable and beneficial to try to anticipate 
them. 

Traditionally, research on the' family has been con- 
cerned witrT the effects of childrearing practices on the 
child,* as illustrated by the work on moral development 
and sex-role socialization reported 4jpre In most of^this 
research, fathers have been ignored; but with increasing 
maternal employment. and changing sex-rote expecta- 
nces, this is no longer the case* To 'some extent, the 
research question has been how well fathers can substi- 
tute for mothers, but thercis growing recognition, noted 
in the discussion of maternal employment, t that too much 
* mothering may i\ot benefit tfie child. Even in traditional 
intact families, fathers have a unique contribution to 
make to the social arjd emotional development of chil- 
dren (Lamb, forthcoming). In fact* researchers only re- 
cently have begun to examine the full complexity of . 
socialization in families, to study the importance of sib- 
lings as well ^as parents, and to assess the child's own" 
"contribution to the socialization process Several recent 
studies have demented how a child's response "to pa-, 
rental behavior can reinforce undesirable patterns of in- 
teraction, thus creating a tycle that is difficult to interrupt 
(Maccoby and Marrirf, forthcoming). More- research is 
needed to understand such complex patterns of interac- 
tion' within.families. ^ 

To some extent* the study of development in the con- 
text t>f. systems of relaffonships has been stimulated by^ 
the growing number o/"chil3ren who live in nontradi- 
tiorial family arrangements, including xpmmunes and 
single-parent households. We can expect, for example, 
^ *■ . * 
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new research to explore how characteristics of relation- 
ships (mother to father, parents to sibling, sibling to 
sibling) influence a child's social and emotional devel- 
opment. Such findings would complement our knowl- 
edge of how individuals influence a child's development. 

While research reported here reflects a growth in the 
knowledge of family and peer influences, researchers 
have just begun to examine how variations in a child's 
social environment influence development. In moving 
from famHy, to peer group, to school, to informal or- 
ganizations—how are the child's conceptions of social 
life and the requisite social skills influenced? WJiat is the 
special contribution^ of social relationships that develop 
in day-care facilities, schools, "churches, sports activities, 
and^neighborhoods? What is the role of culture and sub- 
culture in shaping these arrangements and their percep- 
tion 9 What is the potential value of cross-age interactions 
and relationships among fouth? There is some recent 
evident, for example, that preschoof children who are 
social isolates can become more socially active after 
involvement in play sessions with a child who is 16 
months younger (Furman et al., 1979). 

The perceptive reader will have noticed 'that while 
many of the studies discussed here have incorporated 
some consideration of emotions, none has directly ad; 
dressed the nature of a child's emotional development. 
Specific emotions,- such as fear and/ anger, have been 
studied at certain ages but rarely have researchers ex-' 
arflined developmental changes in the expression and 
experience of emotions — not to mention their emerging, 
role in prosocial behaviors, moral development, and 
"motivation. There are healthy signs that this situation is 
changing, however. •« 
The measurement of emotions through facial expres- 
sion, for example Js being* combined with other assess- ^ 
ments of emotion such as heart rate and* verbal descrip- 
tion (e.g., Campos et al , 1975)' Much of the recent 
work on empathy is develdpmental and has attempted 
to incorporate an increasing range of emotions. In psy- 
chology more generally, the role of emotions in a variety 
of behaviors is receiving increased research attention 
(see, for example, ^Zajonc, 1980). It is»Jikely that in 
coming years the long overdue study of emotions in , 
children will receive serious, attention, reflecting its im- 
portant 'contribution to hyman .development. To some 
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extent this vyork will be informed by the growing linkages 
between cjiild psychiatry and developmental psychology 
(Selman and Yando, 1980).. In fact, a significant trend 
in developmental research has been the increasing study ' 
of children with social and. emotional disorders. This 
, work will clearly rlenefit from a sharing of theone^and 
observations between clinicians and researchers. 

Of special importance to practitioners are the attempts 
to identify precursors and cftildhood determinants of 
emotional disorders. To do this, longitudinal studies are 
conducted with children who are at 4 \high risk" for sub- 
sequent disorder because of some genetic or environ- 
mental condition (e.g., schizophrenic parents, early loss 
of*a parent). These are expensive, (ime-consuming stud- 
ies but some that were initiated s^fal , years ago are 
now beginning to bear fruit. A similar methods being 
used to study the "invulnerable chil'd" — the child who 
< remains competent despite being at high risk tor ^dis- 
order. What* are the factors that enable thes^ehildren to 
develop -normally or resist being damaged by stress and 
disadvantage? When the findings from this research are 
merged with those from the longitudinal studies of 
emotional development in normal children, we will have 
a fuller picture of developmental processes 

Some of the research reported, such as the studies on 
the effects o{ television, divorce, and maternal employ- 
ment, has related directly^to the impact of social change 
^ upon children's social and emotional development. Other 
efforts have focused more on the identification of basic 
developmental processes. Even in the latter types of re- 
search, findings can have important implications for so- 
cial programs and policies. For example, research on 
attachment in infancy suggests some of the potential- 
effects of prolonged separation from parents, whether 
due to death f divorce, hospitalization, or maternal em- 
ployment. An understanding of the processes^by which 
children acquire the capacities to delay gratification or 
be intrinsically motivated have important implications ' 
for job performance and worker satisfaction. Y 

Like all good science, the research anticipated and 
advocated here and earlier in this repq^will be costly. 
Yet children are' our most important resource. Knowl- 
edge aboLnSheir development is important not only for 
its own sake, but for the promise it fTolds to maintain 
and improve mental health and th^ quajity of famrty life. 
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1 . The topic of this paper has been the focusjbr activities sponsored 
by the Social Science Research Council's Committee on Social and 
Affective Development During Childhood, funded pnmanly by the 
Foundation for Child Development with additional funding by the Bush 
Foundation. Some of the themes addressed here have been the subject 
of committee discussion 'More specific help in preparing this manu- 
script was provided by WiiTard W Hartup. Lois W. Hoffman, Eleanor 



E. ^fecoby, and Roberta Balstad Miller, who commented on earlier 
drafts Pctcr'B Read provided invaluable assistance in the final editing 
and revising of the manuscript The conclusions drawn are, of course, 
the responsibility of the author. 

2 This section draws heavily from a review article by Ldis Huffman 
(1979). ^ * 

3, This section draws heavily and includes excerpts from review 
articles by Mavis Hcthenngton (1979) and Teresa Livitin ( 1979) 
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Sciences). Each chapter was prepared under the guidance 
of a panel of research scholars in the field. Members <% 
these Review Panels and SSRC staff who coordinated 
the preparation of the chapters are listed below. Prepa- 
' ration of this report was supported by NSF Contract No 
PRj\-8017924. 1 * -i 
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The papers that follow present the combined perspectives 
of 22 Federal agencies on the relationships between sci- 
ence and technology and problems of national signifi- 
cance. The 1 1 papers included in "this set of source mate- 
rials for the Five-Year Outlook were produced by 1 1 task 
groups, each working within a particular substantive area 
corresponding generally to. one, of the budget function * 
categories used by the* OffW of Management arrd 
Budget. The task groups consisted of representatives, of 
those executive branch agencies that have major science- 
and technology-related missions and activities* ' 

Each agency provided source materials to all of the' 
task groups relMed to its areas of interest, and these 
contributions were integrated by* a designated lead 
\agency into a single paper covering that substantive area. # 

4As the agencies were encouraged to jcpntribute to all 
fictional areas*in which they have.pro r gfams, activities, . 

%r major interests, many provided inputs to functional 
areas in which their budgets are not normally reported. 
This^pwcedure, also used in preparing portions of the 
third and fourth Annual Science and Technology Reports, 

t was followed to provide as comprehensive a view as 



possible of tht^ interacting .perspectives of the various 
Federal science and technology agencies, even though' , 
. it preclude'4 the possibility of a one-to-one'eorrespond- 
ence between the components of each functional area 
paper and the components of each Office of Management 
and Budget functional budget category. 

In making their contributions, the Federal agencies 
were asked to provide botruheir perspectives on major 
problems, opportunities, and constraints related to^sci- 
entfc and technology ^nd* where possible, their pfens for ■ 
alleviating those problems or constraints-^ for taking 
advantage of those -opportunities. The agencies were 
asked to .restrict their inputs "to only major ^areas of con- 
cern; therefore, the papers do not coverall possible topic 
areas, nor do they review all relevant extanf or planned 
Fede/al programs. The interested reader might consult 
^the documents in the Minupl Science and Technology 
Report series, which provide more specific descriptions 
of the range of Federal'science and technology programs 
and 'activities,, organize^ around the same, functional 
areas as those used iq this set of papers/ * . 

.. V 
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HIGHLIGHTS ' ' . 

• It is imperative that the United State's continue to^n- 
crease its. investment in science 1 and technology' to- 
offset recent Soviet gains in military caj&bilities. 

• The defense missibn requifes highly sophisticated 
electronic systems. Research ,on very high speed in-" 
tegrated circuits, . ultrasmall electronics, electronic 
warfare, and embedded computer software technology 
vvill support that need. \ 

9 Artificial intelligence will be given greatly increas 
^attention and, coupled with work pn automation/and , 
robotics, can be expected to have an expanding role » 

, in military operations. 

• Technologies for application to command, control, ' 
arid communication systems will be explored. Em T 
phasis will be placed on computer 'communications 

^and distributed computer networks. v 

• The combat capq^ility of tactical aircraft can be im- " 
proved by new electronics technologies. Research in 



* Participants in the task group developing this .section included representatives of the fol- . 
lowing components of the Department of Defense, the Office of the Deputy Undersecretary ' 
of Defense for Research and Advanced Technology, the Defense Advanced Research Projects • 
Agency, and the Departments of the Army, Navy, and Air Force The Nuclear Regu/atory 
Commission and the National Aeronautics and Space Administration also provided information 
on their defense-related activities 



c advanced propulsion systems will produce aircraft ert- 
# gines jvith increased durability and reliability. - 
, • High-power -space-based lasers,- together with asso^ 
ciated^prveirt^nce and command/control elements, 
, havqf potential in the long-term to provide for effective 
space defensi. Particle beams offer an alternative but 
higher risk ^concept of directed energy for space 
iefense. 

Advanced sensor systems and associated data analysis 
9 procedures will be ap$ied to -nuclear test verification. 
A marine seismic system will monitdl\the most seis- 
mtcally active regions for clandestine underground 
v { ests - - * '/ 

• "Righ-technolQgy Weapons systffits designed to over- 
come a quantitative superior^ in an enemy's -tend 
combat forces are underdevelopment. They include 
Assault Breaker, Tank Breaker, yidireet-fire technol- 
ogy, advanced cruise missile, and precision guided 

munitions systems. * - 
V f/N6w materials technologies will have a major influ- 
ence on the design and performance of future weapons 
and Support systems,, Carbon/carbon composites,* 
metal-matrix composites, and rapidsolidification tech- 
nologyju-e promising. 

• Huma^ehavioral factors are recognized as a critical 
element in ensuring the vigor of the Nation's defenses/ 
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Areas of concern are improvements»in.work force ef- 
fectiveness, education and training, htiman : cdmputer 
interactions, aD^human factors engineering." - 

• Modern^ weapons systems and cornoat doctrine may 
strain the human organism's capaft^Hty*and adap'ta-. 
bility. Health. research will focus^on aisease control, 

* "-"defenses' against biological warfare, comba^ casualty 
. care, and prevention of health-hazards. 



INTRODUCTION 

In recent * years, our national security has become in- 
creasingly dependent upon maintaining U.S .superiority * 
in broad areas of science- and technology, Tlie science 
and technology programs of the Department of Defense" 
(DQD), materially augmented by those of other Federal 
agencies and the private sector, provide the fqundation 
for highly effective armed forces equipped with tech- 
nologically "superior, weapons systems^ Given the sub- 
stantial quantitative and qualitative advances in the mil- 
itary capabilities of the Soviet Union and its allies in the 
last 15 years; it is imperative that we continue tcrincrease * 
our investment in science' and technology to offset trie 
Soviet gains. - - 

Dollar cost estimates for Soviet military research, cte- • „ 
velopment, test, and evaluation (RDT&E) expenditures 
indicate that they have exceeded annual U.S. expendi- 
tures during each of the past it) years, leading to an 
aggregate gap of about S90 billion (in 1982 dollars) and 
a military RDT&E program that is now about twice as 
large &s ours. A clear indication of their commitment ta^t 
defense technology is the trend toward increasing* the 
share .of Soviet military outlays devoted to RDT&E. 

Despite the imbalance in RDT&E outlays, we have 
maintained our leadership in most of the basic technol- 
ogies cntical to defense, in la^ge measure' because of our 
commercial technology edge and the substantial mo- 
mentum in defense JeChnology derived from the lead we 
built up during the 1960s. But we are losing our lead in 
' certain key technologies, including electro-optical sen- 
sors, gfiTdance and navigation, hydro -acoustic technol- 
ogy, optics, and propulsion. 

We are also concerned about the momentum of the 
Soviet research and development program. "We can iden- 
tify major new Soviet systems in various stages of test** 
" and evaluation and expect'the Soviets to develop more 
new and modified systems during this decade. The scale 
of development makes it quite clear that the Soviet R&D 
j>rogram*ha* had high-priority access to funds, to trained * 
personnel, and to scarce materials. Because of the intense 
and persistent Soviet commitment to' defense technology, 
it will become much more difficu/t to maintain our tech- 
nological advantage. When we consider the secrecy with 
which'-the Soviets conduct their activities, it is clear that 
in the 1980s we will be facing a significantly greaterjisk 



of. both qualitative and quantitative deficiency than ever 
be/ore. . - * 



ELECTRONICS * • 

The defense mission requires-highly sophisticated elec- 
tronic systems capable of.high-spe'ed information proc- • 
es'sing, operation in hostile enviroriments, resistance to 
jamming and interception, applicability across thecal 
electromagnetic spectrum,.and high reliability and main- 
tainability. Diverse research and development programs 
in DOD and supporting agencies range from basic studies 
'of electronic .'materials, through the way such materials 
behave in device^, to the* design and .construction of 
* components, the combining of components into circuits, 
and, finally, the building of systems*' based on those 
circuits. x 

VERY HIG^ SPEED INTEGRATED CIRCUITS (VHSIC) 

The VHSIGprogram, begun in fiscal y^ar 1980,, is a 
6-year, triservice/industry/university development pro- 
gram designed to make a substantial step forward in 
integrated circuit performance and production capabili- 
ties for future military needs. VHSIC is aimed at estab- # | 
listing a new plateau of performance orders of magnitude 
above what can be accomplished with today's large scale 
and very large scale integrated (VLSI) circuit .technol- 
ogy. A tenfold reduction in size,, weight, power con- - 
sumption, and failure rate, with accompanying savings 
in both initial and life-cycle cos'ts of military computer 
proc£ssirf| systems, is envisioned. The requirement is 
for small subassemblies to provide 100 times the proc 
essing throughput of present integrated circuits for 
real-time data processing applications in surveillance, 
electronic warfare", advanced weapons systems^ and 
command/control/commonications. New or improved * 
chip architecture will be developed to permit chip design 
at an affordable cost, with minimum customization to 
reduce supply and logistic costs. The program will pro- 
vide for the commercial availability of submicron li- 
thography equipment and an industrial capability for 
producing yHSI circuits. 

The VHSIC program should accelerate the advance- 
ment of jnicrocircyit technology by at least 5 years, 
firmly r^tstablisKmg our national leadership in that rap- 
idly changing field. It will also ensure the industrial" 
capability and sources for the electrSnicS' required by the 
next generation of computers, missiles, radars, and in- 
telligence processing centers. The need for a VHSIC 
program grew out of the realization that the military 
.portion of the integrated circuit market had diminished 
1 to less than 10 percent of that iffcfrket, and the best prod- 
ucts of the industry were being'applied to the consumer, 
business, and industrial sectors of the economy. Because 




military systans require capabilities that are different 
"from those of civilian markets, the VHSIC program was 
designed to encourage the electronic? industry to seek 
the revolutionary advantes reqyired'for dkfense;mission» 
while providing the opportunity for technological lead- 
ership in high-volume rriarkets For the semiconductor 
industry, VHSIC is a substantia) program, increasing the 
level of DOD R&D support in integrated circuit tech- 
nology to four times what DOD's support has been in e 
recent years. Thus. VHSIC seeks to Extend the existing 
Industry technology and*to gain considerable, .leverage 

- through its investment. • , 

\ Jo. encourage rapid diffusion of VHSIC technology 

.throughout th? US. semiconductor industry, second-., 
sourcing clauses are incorporated it^VHSIC contracts to* i 
require contractors to enter into licensing arrangements 

e for those parts of their VHSIC manufacturing system 
(including software) developed under .the program. 

'ILTRASMAIX bLbCTRONlCS RESbARCH (LSbR) 

DOD has recently initiated an important very long range 
effort in ultrasmall electronics research (USER)Zwhich 
is intended to advance electronics technology substan- 
tially: beyond even the goals of the VHSIC program 
Whereas the VHSIC program may be regarded as a near- 
'term. accelerated evolutiorVthat intensively exploits cur- 
rent silicon device technology, the USER program aims 
it revolutionary Changes. 10-20 years ahead, that will 
depend upon entirety new concepts and materials USER 
will deal mainly with the fundamental physics, chem- 
istry, metallurgy, and transport^ charge in highly con- 
strained geometrical structures which may be used in 
future (beyond VHSl£) generations of highly complex 
integrated circuits The conventional electron device 
models no longer apply when dimenstbns shrink below 
200 nanometers (2,000 angstroms), and hew quantum 
mechanical concepts for electron transport will hav e to 
be developed. Problems inherent to present size struc- 
tures may diminish in consequence, while others, pre- 
viously ignored, may begin tq,dominate device operation 
With the advent of high resolution electron, X-ray, 
molecular, and ion beam lithographic techniques, ultra- 
small devices can be envisioned in whicb individual fea- 
tures might well be fabricated on the molecular scale of 
dimensions (that is, 10-20 nanometers) Some structures 
that have been proposed are so small ihat the bulk prop- 
erties of the host semiconductor material may be signif- 
icantly less important than size-related effects Such ef- 
fects as turmeling, size-quantization, long-range order, 
and fluctuation phenomena producecj by interaction? with 
neighboring structures will become important. In such 
devices, temporal and spatial scales will become so 
short, and the electric fields sq large, that the physical 
concepts used in analysis of today's semic^assical device 
physics would be inappropriate and, indeed, might be 
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misleading. Moreover, the n^w physical propehies could 
lead- to radically new *elecmonic device structures in 
which the* individual device might assume a variety of 
functions that depend^ theJnfluence of neighboring 
devices. A direct result of the ultraminiaturization of 
devices and the ongoing development of VLSI or VHSI 
circuits will be a rapid growth in the complexity of cir- 
cuits and the generation of new design and fabrication 
problems, with the usual growth in cpsts. While VHSIC 
will address some of those problems, it is clear that in 
the submicron region of electronics, other complexities 
arising from physical processes operating. in closely 
spaced devices w HI require that USER develop new co'n-* 
cepts for circuit design, computer archftecture, and cir- 
cuit fabrication. ^ 

USER hUs been Vailed one of the l^st remaining fron- 
tiers of solid-state electronics, where, the new funda- ' 
mental *unit is an aggregate or array of molecifTes or- 
atoixis. While the research program has highly .specula- 
tive aspects, the potential payoff could greatly -bolster 
»U.S. preeminence m both military and civilian? appli- 
cations of electronics in the decades ahead 

ELECTRONIC WARFARE (EW) s - 

% Electronic warfare is concerned with exploiting tjie elec- 
tromagnetic spectrum for friendly use and denying it to 
hostile users. The DOD technology program in EW is . 
diyided into radio frequency (RF), electro-optic (EO). 
and acoustic EW, since the techniques of energy gen- 
eration and detection, the effecj^f the medium on prop- 
agation of the energy , and the' measurement of target and 
background signatures are unique to each spectral regvbn. 
In eadi region. EW provides methods of countering sur- 
veillance, communications, and weapons. The D0D sci-- 
,ence and technology program in EW r embraces the fol- 
lowing functional arefcs: 

• Detection and location — which, includes improved, re- 
ceivers, warning systemsT'and direction-finding tech- 
nique^ to operate-in a very dense signal environment. 

• Jamming and deception — which includes program - 
enable jammers, expendable decoys, and countermeas^ 
ures against radars .and missile seekers. ' J. 

• Signal reduction and obscuration — which includes 
redqetion of aircraft visibility, infrared' signatures, 
smoke, obscurants, and improved chaff, 

• Counter-countermeasures — which cover spread spec- 
trum techniques, frequency diversity, and adaptive 
antenna methods. 

• Exploitation and simulation — which includes the eval- 
uation of the vulnerabilities of hostile weapons sys- 
tems to countermeasures. 

Currently, \ve are developing jointly with Canada a 
passive infrared search and track (IRST) system designed 
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* to detect antiship missiles. The system provides complete 
azimuth coverage and passive surveillance of- airborne 

. t and surface targets. In both land and s£a-t$stsriRST has 
demonstrated, a high probability of designating missiles 
in a heavy clutter environment, and the Navy is studying 
its needs and evaluating the type and number of ships 
that should receive the IRST system. Other recent ac- 
complishments include successes in signal suppression 
through the use of radar and -infrared absorbjgg chaff 
agajrlst fadiation spanning the entire spectrurri*from far 
infrared to, nearly microwave* wavelength. Considerable 
effort has also been devoted to developing systems that 
detect electro-optical threats? and progress has been made 
in developing detectioh systems that indicate whether an 

• aircraft or tank is being designated 

There have been two major shifts in emphasis in EW 
technology in, the recent past. First, counter-counter- 
measure techniques have received increased emphasis. 1 
in response to the severe and increasing EW threat. That 
is due to the perceived weakness of our electronic sys- 
tems in an EW environment and the recognition of the^j 
magnitude and sophistication 9f the Soviet threat. Sec- 
ond, the proliferation and increased, effectiveness of 
electro-optical weapons" systems "has caused a shift in 
emphasis from.RF to EO technology'. In particular, there 
has been a rapid growth in coiintermeasures against such 
EO weapons as missiles that employ infrared homing, 
track by video contrast, and seek lasej-desi£nated tar* 
gets. Furthermore, air defenses are*usirtg EO IfystgmMo 
back up radar-directed fire control. 

EMBEDDED COMPUTER SOFTWARE TECHNOLOGY " 

Because advance^ jn software technology have not kept 
pace with. the dramatic advances Jn computer hardware 
' technology, the DOD has recently begun a concerted 

• attack on software problems, with special emphasis on 
. a few high payoff projects. The urgency Qf the software 

problem derives chiefly-firom .the following facto/s: . 

9 ^ 

U 

• Software continues to be an increasingly important 
and expensive compoaent of military systems, with 
estimates of DOD-embedded computer software costs 
now running as high $5 billion per year. Nearly 70 
ta 80 percent of the cok goes for support and evolution 
of software after initial deployment. 

• Advances in computer hardware technology are alter- 
ing computer system characteristics and expanding 
expectations for military systems so'rapidly that most 
existing software tools will be of limited use in solving 

, the critical software problems of the mid-1980s. 

• DOD's specialized software needs are not shared with 
most commercial and industrial applications. of com- 
puters. They include requirements for automatic error 
recovery and fail-safe execution, simultanepus control 
of a variety of sensors and activators, critical real-time 
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constraints, and extremely complex s^Slems that are 
continuously undergoing modification 

• The approaching completion of the Adj standardized - 
programming language effort provides an opportunity 
for coordinated development of generic software, sig- 
nificantly reduced duplication of DOD software sup- 
'port environments, and greater interoperability among 
military 'software development and^support 
environments. ^ 

i 

, The software technology program has two rriajor parts 
The firsl is aimed at the short-term prpblems'of realizing 
the'potential benefits offered by the Ada common lan- 
guage effort, which include more effective usetrf east- 
ing software technology, eliminatibn of duplication iR 
developing and maintaining widely used software prod-, 
ucts, and interoperability JWg th<? tools and aids used 
in the development and eWKfion of embedded s^rns 
software. The second part of the program will be a longer 
term effort to greatly improve the effectiveness" of au- 
tomated software technology for military systems and A 
{ to complement the*:omputer hardware of the mid- 1 980s 
It will pursue tasks with high potential and will empha- 

* size responsiveness, timeliness, robustness, and reduc- 
tion of thei indirect costs of software 'The* specific ob- 1 
je£tive is to reduce software life-cycle costs for embedded 
computer systems through automated software technology - 

Progress along any one of several fronts would have 
significant impact. For example, abactor of 20 difference 
has been observed in the productivity of individual pro- 
grammers, ^nd a factor of 6 improvement is common 
between the first an4 third implementation of similar 
systems by the same team. The ability to easily modify 
software without loss of reliability and efficiency would 
permit rapid responses to changing threats that might 
arise from the introduction of new target signatures or 

' new countermeasures in a tactical situation - The ability 
to rtipidly*prototype systems for testing under realistic 
conditions would avoid those frequent situations in 
which a system is uniSsed because critical ctoarapteristics 
were overlooked in its initial specification. Finally, it 
may be possible to automate many of the mechanical, 
tasks and thereby free system designers to deal more/ 
effectively "with the important problem of extending 

, functioned system effectiveness. 

COMPUTER TECHNOLOGY: ARTIFICIAL >. ' 
JNTELLIGENCE, .AUTOMATION^ AND 
ROBOTICS ? • 

The area of computer science known as artificial intel- 
ligence will be gi^ greatly increased attention in the 
years ahead ahd, coupled with work oir automation and. 
robotics, can be expected to play^arj increasingly im- 
portant role in solving military problems of engineering, 
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Vnanagement. logistics', reliability and maintainability, 
remote sensing, stirvcrlfance. and vehicle and weapons 
control ' 

A recently established DOD program is directed at 
cleveloping "smart - computer systems with capabilities- 
for mimicking rnan's capacities of commonsense rea- 
soning and physical dexterity, ^'includes fundamental 
res&arcri on machine representation of world knowledge, 
, language and speech understanding, computer \ ision and 
machine-controlled manipulators, and reasoning b> anal- 
ogy arid inference Direct!) tied to tjle artificial intelli- 4 
' gence. projects* are efforts in systems automation and* 
robotics # 

A major research effort, scheduled to begin in fiscal 
>ear 1982, will investigate new automated systems using 
artificial intelligence techniques The research will focus 
on methods both for representing knowledge and* for., 
reasoning with knowledge in computer systems, wftfl 
special attention-given to methods for knowledge rep- 
resentation and reasoning 'that are independent of the 
particular domain of knowledge, andio methods that are 
• specialized- for such relevant knowledge domains-as im- 
age understanding Other facets of the research will ex* 4 
-amine issues involved 'in developing large artificial in- 
telligence s> stems using distributed cyj^ter architectures 
The studies, in systems a^i^tiQri^^Q^e&tidblish the 
. foundation for a new genei^&oi^Qf sophisticated, intel- 
ligent military -systems that w;Uf provide n$w capabilities 
and ease manpowerjnetds Those^W'sv.stems will range 
from "expert consultants' Mo adSnoi)i^ systems. The 
/'expert consultant" systems will as^jf' their users in 
such tasks as planning and scheduling operations and 
diagnosing and Repairing complex mechanical* systems, 
nous systems will be capable of commanding, 
lling, and conducting military operations and wHl 
^possess a capability to sense, think, and act. 

Closely associated is the DOD work in robotics, which 
exemplifies the type of fledgling technolog) that DOD 
needs and is ready and anxious to support The use of 
robotics jn industry i$ driven .primarily by the need for 
flexible, low-co^t, high-productivity automation. Amer- 
ican industry has some 2,000 robots at work today, com- 
' pared to 13,000 in Japan The Society of Manufacturing 
Engineers predicts that, by 1995, 50 percent of auto- 
mobile assembly will be dorle/by automated machines 
and robots DOD has all the cost/productivity/morale 
problems of industry, plus a few special problems of its 
own. Not only must DOD manufacture systems, but it 
must support and maintain those systems across a far- 
flung theatef of operations, frequently in hostile oper- 
ating environments, using a largely unskilled labor force 
with a' high turnover rate Thus, the need for intelligent. 
*flex*ble automation (robots) is obvious. 

Currently, all three DOD services are tackling the 
problem of production, the simplest starting point. The 
Air Force Integrated Computer-Akled Manufacture 
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(1CAM) project is addressing aircraft manufacture. The , 
Arm) is using industrial robots for benching operations 
'and loading of.numerically controlled machines for can- 

r »ion and breach manufacture and for automated munitions 
handling. r v 

In the 'near future, the use of robots in DOD systems * 
manufacturing will increase in parallel with industry* 
Maintenance and repair departmeht\it intermediate- and 
depot-level activities will begin to use robots as the tech- 
nology matures to the point where robots can deal with 
the complications and variations >associatejd with such 
work. An example is the Nav> Ro6ofic Denveter, which 
is scheduled for a 2-year development-program beginning 
in fiscaj year 1981. Deleting is necessary because salt 
water causes corrosion damage to airframes which must 
then be dismantled for repair. That time-consuming. te J 
djous. repetitive task will be, done by a 'robot using an 
ultrasonic sensor and comntensense artificial intelligence^ x 

t to "learn" the rivet pattern, rapidly inspect, the airframe 
structure around eacji rivet, and remove the rivets The 
system wtfl be able to handle several sizes of rivets in 
a variety of patterns on many different aircraft types 

In the Idnger term, robots will be developed for DOD 
-field uses to assist combat and support forces Field ap- 
plications will plftce still greater requirements on robots 
to be flexible and intelligent and to have sensory capa- 
bilities. For example, it has been suggested that much 
of the maintenance on board ship could be done more 
efficiently if each ship used a«work-cell operated by 
intelligent, robots to manufacture parts needed, rather 
^than carrying vast numbers of •seldom-used spares 



Command, cqntrol. aj^d communication^ 

The DOD program in command, control," and commu- 
nication,^') is attempting to develop^dvanced tech- 
nology and system architectures to improve the Nation's 
ability to control its fighting 'forces "around the, world. 
Strategic and theater C 1 effectiveness in the 1980s and 
beyond will depend*up»n recent advances in information 
processing that allow reliable and rapid manipulation and ' 
movement of information across large distances. Stra- 
tegic O systems must.be able to survive in combat and 
be .highly dependable as^links between the command 
structure, strategic reserve forces, and troops in the field, 
communications response time is also a critical factor. 
In pursuihg the development and demonstration of C 
technology in a broad strategic and tactical systems con- . 
text, experts are exploring computer eomrnunicattons 
technologies for application to both individual C net- 
works and internetwork systems. Emphasis on distrib- 
uted computer network research should result in Im- 
proved combat survivability and reliability and should 
help meet geographic distribution requirements. "Where 
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* r 

appropriate, testbeds are used to evaluate the impact of 
1 new*digital processing techniques in realistic military 
operational settings. 

' COMPUTER COMMUNICATIONS, 
v * * 

Advanced packet communications techniques and a pow- 
erful experimental internetwork are being developed to 
provide local, regional* and long-band computer com- 
munications via ground radio transmfssiBns, terrestrial 
circuits/and satellites. A multistation packet radio net- 
work with distributed control functions was s»etessfully 
installed at Fort Bragg. North Carolina, an4 connected 
. to ARPAtfB^. It is,suppdrting a jojnt Defense Advance^ 
Research Projects Agency. (DARPA)/U.S/ Army ?data 
distribution testbed, and 'substantial improvement in net- 
work communications survivability is expected. 



SECURE DISTRIBUTED INFORMATION SYSTEMS 

DOD is also developing the technology for securing clas- 
sified information processed or stored in computer and t 
communication networks. . Basic research in distributed 
computer systems is raddressing the military need for 
geographically dispersed multicomputer command and 
J control systems. An end-to-end network encryption sys- ^ 
tern ^as recently demonstrated, and DOD is using the v 
concepts in securing thd experimental testbeds described 
befoW. In fiscal year 1981, new initiatives were begun 
on the design of secure distribute^ transition systems in 
which several security levels must be handled concurrently., 
DOD is using a number of experimental testbeds to 
evaluate new irtonrtation-processing technologies in 
realistic military environments! The Advanced Com- 
mand and Control Architecture Testbed (ACCAT) is a 

• DARPA/U.S. Navy effort to'deyjelop, demonstrate, and 
evaluate innovative command and control architectures. 
A mobile access terminal to^upport ACCAT access from 
Navy ships is under development, and experimentation 
will expand to include surveiflance and combat direction 
functions. The DARPA/U^ Army Data Distribution 
Testbed is a series of "hand^on" C 3 experiments being 
conducted by the XVIII Airborne Corps at Fort Bragg 
,to evaluate the use of distributed systems technology anil- 

' automatic data processing on the^battlefield. A third 
major testbed activity is a strategic C 3 experiment being 
undertaken jointly by DARPA, the Defense (Communi- 
cation Agency TDCA), and tlje Air Force Strategic Air 
Command (SAC)". That, testbed is intended to demon- 
strate air-to-ground packet radio communications and the 
use of distributed systems for survival and reconstitution 
of tlje SAC command/control capability during and after 

* a major attack on the United* States. 




AERONAUTICAL TECHNOLOGY 

AIRCRAFT TECHNOLOGY 

The DOD science and technology program incog-prates 
a majpMhrust to integrate electronics and the airframe 
in order to achieve a significant improvement in the com- 
bat capability^ of tactical aircraft. It will soon be possible 
to k *fty-by-wjrX' with smaller control surfaces on more 
highly ntaneuverable aircraft, to maximize aircraft per- 
formance by automatically changing in flight the shape 
of such key aircraft components as wing sweep, "airfoil 
camber, and engine inlets; to provide independent 
degrees-of-freedom control* to increase agility and min- 
imize weapon delivery errors, and to integrate the flight, 
fire control, and navigation systems. Those advances 
will provide task-tailored handling qualities. Fire control 
information will be used to automatically or semiauto- 
matically assist the pilot in maneuvering the aircraft 
into the proper launch envelope for a specific weapon. 
Additionally, the new control concepts will provide the 
capability to conduct a maneuvering approach to launch 
for air-to-ground weapons, thereby Increasing surviva- 
bility against ground defenses. Recent simulator studies 
have shovkn that application of those concepts results in 
a 2-to-l increase in weapon delivery accuracy for both 
air-to-air and air-to-surface weapons and up to a 10-to- 
H 1 increase in survivability during air-to-surface weapon 
delivery,- depending on the ground defense. 

Major advances in V/STOL technology were accom- 
plished in 1980 witrrthe demonstration of the XV- 15 tilt 
rotor aircraft to the design limit speed of, 300 knots The 
tests, performed under joint sporlsorShip of the, Army, 
Navy, and the National Aeronautics and Space Admin- 
istration (NASA), have demonstrated the feasibility and 
practicality of the. tilt rotor concept. Testing of the con- 
, cept, which provides helicopter-like hover characteristics 
and the ability to fly efficiently at speeds up to 400 kno|s, 
wiJJ continue through fiscal year'h982. 

> 

AIRCRAFT PROPULSION 

. r 

The objective of the aircraft propulsion program ls^tp 
have proven technology ready for the next prototype or 
engineering development program. The program dem- 
onstrates propulsion advancements that can be applied 
to future systems. 

'Recent investigations of the aircraft engine develop- 
ment programs have concluded that, during .the early 
research and development phases of the program, ad- 
ditional efforts need to be placed on durability and re- 
liability aspects. Th? Congress hasrecognized that need 
and provided additional funds for more hardware and 
testing of advanced components and advanced technol- 
ogy demonstrator engines. In addition, the technology 



program is being reoriented to stress reliability and 
maintainability. 

The increasing costs of propulsion systems and the 
supporting costs after they are placed ia operation have 
become major concerns. Since a major cok driver is the 
number of parts in a propulsion system, current efforts 
are aimed at reducing the number of engine compressor 
stages by improving individual component performance. 
A major effort is being made in the Advanced Turbine 
Engine Gas Generator (ATkGG) program to increase the 
structural testing of promising new turbine engine con- 
cepts. Successful completion of the tests should provide 
a base for better and more timely transition of advanced 
technologies to engines.. 

A triservice working group has been formed to define 
an overall plin to develop and demonstrate small engine 
technology in the 1 to 7 pound per second airflow class. 
Such engines are applicable to auxiliary power units, 
light helicopters, hght fixed-wing aircraft, and cruise 
missiles, all of which are or will be widely used by U.S. 
forces - 

SPACE DEFEr^E AMD SURVEILLANCE 

The rapid exploitation of space as a medium for impor- 
tant military functions raises the potential for hostile acts 
against U.S. space assets and presents a requirement for 
effective space defense and surveillance. 

lasers ■ V 

Recent DOD advances in space laser technology create 
opportunities for high-energy laser weapons. While very 
long lethal ranges and propagation at tj£ speed of light 
make lasers uniquely capable for such applications, im- - 
provements by several orders of magnitude in critical 
performance^ factors would be required before weapons* 
applications would be possible. The current DOD effort 
is intended to develop the basic technology to apply those 
improvements to critical laser design parameters and to 
advances in system performance. 

^ In'the past y£ar, there has been substantial progress 
toward establishing the technc-logy base ^or chemical 
laser weapons. Scale system testing hds verified 'that the 
high fuel efficiency obtained previously with subscale 
systems ^also applies to higher power laser devices. In 
addition, ^researchers have developed unconventional 
concepts that equal, and in some cases exceed, the per- 

J formance of existing devices. The high fuel efficiency 
and decreased weight attainable when the new concepts 
are applied could translate into a space laser weapons 
system of lighter weight or with more Tuel storage ca- 
pacity, if scaling continues to hold for very high power 
laser devices. 

« 0 - < 
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To support long-term 4aser applications, DOD initiated 
• a ground-based laser radar program that utilizes V high- 
.power laser to track U.S. space objects. The system has 
successfully tracKed high-altitude target^ wfth excep- 
tional accuracy. Identical techniques can be used for fine 
tracking applications at extremely long range, thus en- 
hancing the potential of high-payoff , ver> large chemica) 
lasers for ground-based applications. 

CHARGED PARTICLE BEAMS 

• V t 
The charged particle beam program is intended to denr- 
onstrate the feasibility of stable, predictable propagation 
of highjpower relativistic electron beams in the atmos- 
phere over distances of military interest. The essential 
tool for investigating atmospheric electron beam prop- 
agation is an Advanced Test Accelerator (ATA), now 
under construction at Lawrence Livermore Laboratory 
The Experimental Test Accelerator (ETA), which will 
serve as the front end for the ATA, was completed re- 
cently, and experiments will be performed to extend 
previous low-energy propagation data. When completed 
at ( the end of fiscal year 1982, ATA may provide the* 
essential scientific data required by DOD to begin plan- 
ning preprototyp^ weapon developments. 

»» 

SENSORS 

V 

The principal emphasis in the space surveillance program 
has been on advanced visible and infrared detector ar- 
rays. The enhanced capabilities of such device* permit 
a variety of surveillance and battle management missions 
not possible previously. HI-CAMP (high resolution cal- 
ibrated airborne measurement program), an advanced, 
high resolution infrared sensor, has been installed in a 
NASA U-2 aircraft to collect^measurements of Earth 
background and tactical targets. The program is the first 
field demonstration of mosaic focal plane technology 
with large numbers-of detectors. Y 

Advanced detector array production for the DARPA 
TEAL RUBY experiment,, the first on-orbit demonstra- 
tion of , advanced detector technology, will provide a 
tajget/backgrouna signature data base to support the de- 
sign of future operational systems^ The sensor is sched- 
uled for delivery to the U.S. Air Force for integration 
with the P80-1 spacecraft for planned shuttle launch in 
the early to mid-1980s. 

The DARPA HALO (high altitude, large optics) pro- 
gram's developing an advanced*technology base in large 
focal plane arrays, .spectral filters, substantial signal 
processing, optics, and detector cooling. A space ex- 
periment, Mini-HALO, will demonstrate HALO tech- 
nology using the sensor to evaluate the feasibility of 
performing various strategic surveillance missions from 
space. 



710 FEDERAL AGENCY PERSPECTIVES 



N0CLE4R TEST VERIFICATION 

DOD research in nuclear arms test verification is in- 
tended to provide a wider range of sensor options and 
greater assurance of detection and identification of nu- 
clear tests. The effort is*strongly involved in the devel- 
opment of advanced sensor systems and associated data 
analysis procedures. With recent advances in character- 
ization of seismic sources and wave propagation «mod- 
'eling, and the completion of a worldwide network of 
high-quality digital monitoring stations, it is possible to 
develop source identification procedures based on phys- 
ical and geometric properties. Such techniques could be 
applied to areas where prior signal recording is lacking. 
The current effort includes synthesizing existing models 
into a processing technique for recorded digital data and 
designing experiments to validate the technique. 

A marine seismic system (MSS) denpnstratipn pro- • 
gram 'will offer the possibility of monitoring, unobtru- 
sively and at close distances, the most seismically active 
regions for clandestine underground tests. TJ?e MSS tfill 
significantly enhance global monitoring of underground/ 
underwater testing. The MSS consists of a High-quality, 
three-component borehole seismometer 0 and associated 
signal "conditioning electronics suitable for long-term 
placement in the deep ocean floor. The seismometers 
\VrH-beL£laced in boreholes drilled into firm bedrock to 
acWeve thTmsximum isolation from background noise, 
and data will be trahifSired to ^central analysis center 
either by bottom cable or by satellite link. The program 
will demonstrate the feasibility of installing and oper-' 
ating the most advanced seismic detector in a borehole 
in the deep (5.6 km) ocean floor and will define the 
seismic detection capabilities of such system. The MSS 
incorporates advanced sensor technology developed un- 
der a parallel DARPA research program. Application of 
the seismic data to detection, location, and identification 
of underground explosion|will depend on analysis tech- 
niques devetaped under ongoing DARPA programs in 
seismic source and signal propagation theory ainfd ad- 
vanced data processing. 

* The MSS program was initiated late in fiscal year 
19/9, and^the design for the system was completed at 
the end of fiscal year 1980. Techniques and specialized 
equipment rdjtilrdd for pfacing the instrument in bore- 
holes in the ocean floor using the drillship Glomar Chal- 
lenger flave been completed. An at-sea test conducted 
in the mid-Atlantic in 1981 will verify operation oNhe 
equipment and gather initial data on seismic noise in- 
duction . The sensor, with associated electronics required 
for data acquisition^ storage, will be developed by 
early 1982, and deployment of the system is scheduled 
for the summer of 1982. Full system communications 
Willie added in 1983. 



WEAPONS 

A major objective of the Department of Defense is the 

* strengthening of conventional forces, particularly in Cen- 
tral ^wrepe where the Warsaw Pact jbrces dramatically 
outnumber NATO forces. Current Warsaw Pact military 
doctrine stresses the^offensive and calls for arranging its 
forces in echelon to generate and sustain attack momen- 
tum along major axes of advance. The following are 
examples of new high-technology weapons systems de- 
signed to increase the ability of friendly forces to over- 
come a quantitative superiority in the enemy's land com- 
bat forces by effectively striking and weakening the 
exploitation of second-echelon forces at long range, be- 
fore jytiey can have a major influence on the outcome of 
the bSttle. • 

ASSAULT BREAKER 

A joint DARPA/^rfy/Air Force program has been in- 
itiated to develop and demonstrate the integration of sev- 
eral advanced technologies that will provide a rionnu- 
clear, standoff weapons system capable of engaging and 
destroying sizable armored forces beyond the main battle 
area. The proposed system, designated Assault Breaker, 
consists of three major elements: a target acquisition and 
"weapon bus guidance radar (PAVE MOVER), a sub- 
munition-carrying missile or aircraft, and terminally 
guided submunitions (TGSMs). Advanced radar modu- 
lation and signal processing techniques are being devel-' 
oped for the PAVE MOVER radar to detect and track 
armored targets and to proVide guidance for an assort- 
ment of weapons that may be used against them. Ad- 
vanced submunitions capable of autonomous lock-on and 
'guidance to the individual armored vehicle*>are bein^ 
developed, 

The Assault Breaker program wjll reach three major 
milestones during fiscal year 1981. Flight testing of the 
PAVE MOVER radars was begun during the firit quarter. 
Durirfg the second quarter, free-flight tests of the Surface- 
- to-stirface weapons will proceed at White Sands Missile 
Range. The tests will attack armored targets located at 
considerable standoff ranges from the launch point. Fi- 

* nally, integrated tests with PAVE MOVER radar guid- 
ance, Patriot and Lance booster missiles, and end-game 
TGSM$ wjll occuf during the third and fourth quarters. 
The radar and surface-to-surface programs will then be 
transferred .to ,Air Force and Apny management for en- 
gineering development during fiscal year 1982. 

- TANK BREAKER 

The Tank Breaker program aims at providing advanced 
technology alternatives' for the- next-generation U.S. 
Army DRAG % ON missile to permit a lightweight, fire- 
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and-forget, lock-on-before-laitnch, shoulder-fired mis- 
sile s>stem to penetrate current and next-generation en- 
em) tanks Tank Breaker is a combination of advanced 
missije-and target-sensing techniques, for example, it is 
the first tactic arseeker application of focal plane infrared 
detector technology The first quarter of fiscal year 1981 
saw captive-flight testing of an Imaging focal plane arra> 
seeker at Redstone Arsenal, Alabama. Wind-tunnel test- 
ing of the missile airframe and slug testing of the shoul- 
der launcher will be carried out. 

ADVANCED INDIRECT-FIRE TECHNOLOGY 

A new effort to develop a next generation of artillery* 
capable tff interdicting armor beyond the line of sight- is 
under way. The weapon will utilize "smai£' sensors 
capable of autonomous termini homing. DARPA and 
\ the Army are cooperating in a program that incorporates 
a tube-launched ram-jet projectile for extended range and 
terminal infrared homing. Seeker field trials and projec- 
tile firings are scheduled during fiscal year 1981. 

ADVANCED CRUISE MISSILE 

One of DOD's major thrusts for the next few years is 
the development of the advanced cruise missile. Current 
research emphasizes the engine] configuration, detection 
technology, and autonomous terminal homing. Achieve- 
ment of extended range will improve cajrier aircraft sur- 
vivability, flexible routing, and ability to feach more 
targets, Scientists are developing the components for two 
advanced engines that offer significant improvements in 
thrust-specific fuel consumption over the current F-107 . 
cruise missile engine^A full-scale engine validation pro- 
gran/will start in mid-1981. The advanced cruise missile 
configuration project is focused on improving surviva- 
bility and the range/payload product. A joint DARPA/ 
Air Force validation phase, recently begun, could lead 
to a' second-generation cruise piissile with an initial op-, 
erational capability as early as J987. The first phase of 
the cruise missile detection technology" project will de- , 
velop techniques needed for low-altitude detection of 
small-signature vehicles using field-measurement data. 
The remaining two programs support cruise missiles us- 
ing a conventional warhead. The autonomous terminal 
homing (ATH) project is developing adverse-weather 
sensor and sceae-matching algorithms to achieve a small 
guidance error against selected fixed targets. The near- 
term ATH technique will utilize a forward-looking in- 
frared sensor. 

PRECISION GUIDEp MUNITIONS WITH ADVERSE WEATHEfc 
CAPABILITY* * / 

Precision guided munitions (PGMs) developed by DOD 
in recent years are missiles or gun projectiles capaftle of 
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.searching out such critical targets as tanks among all the 
clutter of a battlefield. Although PGMs that perform well 
in fair visibility are already under development, the next 
generation must provide the capability to perform at night 
and in adverse weather. Consequently, DOD will con- 
tinue to emphasize the development of PGMs that will 
not suffer degraded performance in adverse weather or 
under conditions involving target obscuration by smoke, 
dust, or fog. A' strapdbwn ring laser gyro (RLG) inertial 
guidance system has recently demonstrated accurate 
midcourse guidance fot tactical missiles, and in the com- 
ing year it will compete with other low-cost inertial guid- 
ance systems to determine if lower costs can be obtained 
without sacrificing midcourse' accuracy. 

A concentrated effort oh targef signature characteri- 
zation for millimeter wave (MMW) seekers is now mov- 
ing forward A cooperative program with Germany 
has just been completed in which infrared and millimeter 
wave measurements were made on armor and such other 
high-value targets as bridges, POL sites, and dams. Dur- 
ing the coming year, data will be reduced and analyzed 
in a search for target-unique characteristics that will al- 
low target acquisition when signal processing algorithms' 
are employed. v *> 

Capitalizing on recent technical advances in solid-state 
electronics technology, the armed services have joined 
in an effort to demonstrate cost-effective adverse weather 
seekers against land and sea targets. Both synthetic ap- 
erture radar and millimeter wave seekers will be eval- 
uated, beginning with a captive flight test demonstration 
in fiscal years 1981 and 1982 and culminating in a free- 
flight demonstration in fiscal year 1983. 

.NEW MATERIALS TECHNOLOGIES 

Over the years, DOD's pioneering developments in acL- 
vanced materials have led to vastly improved military 
capabilities as well ak the creation <ff new U.S. indus- 
tries. Fiberglass-reinforced plastics are now familiar al- 
most everywhere. They are strong*, tough* readily fab- 
ricated in complex shapes, and conservative of the 
materials required, since relatively little is wasted jin 
fabrication. Virtually every U.S. and free world military 
aircraft, spacecraft, and ballistic missile in development 
or production contains fiber-reinforced plastic composite 
materials. Moreover, commercial and private aircraft' 
now in development will use increasing amounts of those 
materials to improve efficiency and reduce fuel con- 
sumpti<pn. Ip effect, DOD, through early developments 
>tn its science andj^chnology program, has created -the 
rapidly growing, new • worldwide industry of fiber- 
reinforced plastic composite materials. 

Although that achievement has been formidable, the 
pace of advances in military technology has imposed 
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even more rigorpjis* demands on systems performance, P - 
and the quest^or materials with still greater performance * 
capabilities must be pursued vigorously in the years 
ahead. Superimposed on the requirements for improved 
physical behavior of materials is the growing spepter of 
shortages of critical materials, particularly certain stra- 
tegically important metals obtainable only from foreign 
sources. This adds urgency to the search for materials 
that not only offer performance improvements but may 
be developed from domestically available resources. The 
new materials technologies cited below illustrate prom- 
ising new directions that may have a major influence on 
the'design and performance of weapons and support sys-^ 
terns in the years ahead. 

CARBON/CARBON COMPOSITES 

The development of carbon fiber-reinforced carbon 
(C/C) composite matenals in DOD programs has led an 
increasing number of missile developers to consider us- 
ing those materials to achieve significant performance 
gains, and a growing number of military and commercial 
aircraft now use C/C composite materials. Carbon fiber- 
reinforced plastics. provide the high strength and the stiff- 
ness needed for such applications as aircraft wing and 
empennage components, helicopter blades, and other 
highly Ipaded structures. They are being used increas- 
ingly for such applications, where they can cut weights 
by 15-30 percent, greatly simplify design and construc- 
tion, increase reliability, and reduce costs. Carbon fiber- 
reinforced carbon material i^ the most effective substance 
yet discovered for extremely high jjpmperature applica- 
tions such as ballistic missile reentry body nose tips and 
rocket nozzle throats. With further development, the 
materials are expected 1o become useful as high tem- 
perature turbine blades for cruise missile engines. The 
Navy and Air Force are investigating the viability of 
such materials in the hot sections of gas turbines, since 
extensive use of C/C composites for thje .gas turbine of 
atypical fighter airqjraft carrying a' 1,000-pound payload 
could lead to overall aircraft take-off gross weight re- 
ductions of about 30 percent. For a typical mission, the 
fuel consumption would decrease by about 14 percent. 

hi addition to the performance gains possible with 
C/C composites, their domestic availability and potential 
low cost could make them attractive alternatives to the 
high-cost gas turbine superplloys. Inasmuch as tho&e 
superalloys contain substantial amounts of cobalt and 
chromium, for which the United States is almost totally 
dependent on imports, the development of C/C com- 
posites as alternatives could lessen U.S. dependence on 
foreign sources. 

e 

METAL-MATRIX COMPOSITE^ 

Over the past few years, DOD has emphasized the de- 
velopment of fiber-reinforced metallic materials, referred 



to as metal-matrix composites (MMfs). A tnservice/ 
DARPA thrust program, is proceeding on schedule 
toward development and application of ^MMCs for a va- 
riety of military application^, including' helicopter 
trarygfission 4 housings, portable bridging components, 
strategic missiles, mines and torpedoes, tactical missiles, 
^airframe ^and gas turbine components, *nd satellite 
components. 

In addition, MMC materials show promise for an ever- 
widening range of uses, including laser mirrors, light- 
weight gun mounts,' submarine propellers, land radar 
antennae. One* early result of the program is a fiber- 
reinforced lead grid material for submarine batteries that 
can lengthen the submarine battery replacement cycle 
from 5 to 10 years, thereby aligning it with the nuclear 
core replacement schedule and reducing^ maintenance 
costs appreciably. 

In addition, trade-off studies indicate that extensive 
use of MMCs/as structufafco^nponents of a typical super- 
sonic cruise missile could lead to a weight reduction of 
about one third. The development of C/C materials for 
/^asWbine application, as described in the previous sec- 
tion, could alone lead to an overall weight reduction for 
the same typical supersonic cruise missilfc of about 50 
percent' When both th6 MMC £nd the C/C technologies 
are additive!^ applied, the weight of a typical missile 
could be reduced by about two thircfc. Such weight re- 
ductions would make pqssible range extension (leading 
to improved survivability standoff distances) and/or more 
missiles pei^aircraft. , r 

Another significant consequence is the potential sub- 
stitution of MMCs for such .critical ftiaterials as chro* 
mium, cobalt, titanium, and beiyllium\£or_example, it 
has been determined that MMCs m&de of high-modulus 
graphite fiber-reinforced magnesium alloy exhibit stiff- 
ness, strength, and dimensional stability equivalent or 
superior to becy Ilium at the same weight. 'Eventually, a 
* new industry may emerge that someday' willhval that 
based on fiber-reinforced plastic composite materials. 

RAPID SOLIDIFICATION TECHNOLOGY 

In fiscal year 1982, DOD will move vigorously into the 
area of rapid solidification technology (RST). ^he ob- 
jective is to produce high-quality starting materials for 
new families of aluminum and titanium allocs and super- 
alloys. The current modest investments have demon- 
strated sufficient promise and maturity to justify a major, 
long-term, financial commitment^ DOD to accelerate 
the development of those new materials. Moreover, RST 
has demonstrated the potential for producing superior 
i superalkfys with only minor amounts of critical of scarce 
materials. 

Rapid solidification technoftgy invotyes solidifying 
"metals and' alloys from a molten state at, such a fast rate 
(greater %n 100,000° per second) that tHffr desirable 



characteristics are dramaticall> enhanced. Through the 
rapid Solidification, the usual weakness in metals Aie to 
segregated and agglomerated impurities and undesirable 
compounds can be avoided. RST can be used on almost 
anv alloy and yields a product that is homogeneous be- 
yond any known observation. Additionally, the solubil- 
ity of olne metal in another is usually increased to the 
point where never-before-possible alloys can be made. 
The combination of those two advantages has led to 
recently discovered alloys with superior hl^h-tempera- 
ture strength, vastlv improved corrosion resistancq, and 
increased lifetime. For example, one ilfcwfaperalloy can 
run 100° hotter in jet engines, thereby offering the design 
flexibility of either a 15 percent thrust increase or a 
dramatic reduction in fuel consumption. A new alumi- 

m num alloy is 30 percent lighter for aircraft construction 
In tl^ future such new alloys could enable airplanes 
either to cag> 30 percent more pav load or to decrease 
fuel consumption. A new iron-aluminum alloy is more 
corrosion- resistant than stainless steel and does not use 
scarce chromium. These anci otljgr discoveries lead us 
to believe that Department of Defense capabilities could 
be importantly affected by RST. 

The first application of'the advanced materials could 
bfc in component improvement programs (for instance ' 
the F-100 engine in the F-I5 and F-16, and the F-404 
engine in the F-18) Those engines are based on tech- 
nology that is more than 10 years old. While the con- 
straints of the existing engine/aircraft designs limit en- 
gine performance, advanced RST materials could provide 
substanti a)f improvements (e.g,, a factor of three) in en- a 
gine lifetime by 'the late 1980s. DDD's first demonstra- 
tion of RST superalloys in actual test engines is sched-.^ 
uled for fiscal year 1 9^4/ 1985. Application in an 
advanced demonstrator engine program (fiscal year 1985/ 
1986), such as a Multiple f Application Core Engine 
(MACE), would allow for exploitation in a number of 
production engines peaching operational capability early 
in,the 1990s. Such engines would power^growth versions 

^of present aircraft as, well as future advanced airqraft 
(tactical fighter, V/SlOL, and advanced transport). 

The DOD program will involve basic research, ex- 
ploratory development, specific technology demonstra- 
tions, and manufacturing technology efforts»which will* 
be conducted at university, industrial, and government 
laboratories. The' technology emergirjg will provide ma- 
jor economic benefits fo trinsportation, space, and .en- 
ergy systems, and will strengthen the U.S. commercial 
manufactunng base in general. While both and 
foreign industry have reacted aggressively to the emerg- 
ing technology, the capital investment needed by U.S. 
materials suppliers to develop mill-form products will 
only come from substantial involvement of the U.S. 
Government. Furthermore, an .adequate d$ta base de- 
rived from, well-characterized products Will be required 
to establish designers* ^confidence in RST materials. 
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Much of the production scaleup and propert> character- 
ization will be supported by industry if significant market 
incentives # can be defined through demonstrated 
applications. v * ... 

Other benefits can accrue from the easier manufac- 
turing and increased durability of RST products., In the 
.United States we lose $20Q billion per year as a result 
of three aspects of matdhals degradation corrosion, 
.wear, and fatigue. If corrosion-resistant RS*T alloys w.ere 
in place today, sizable savings would be realized. Ma- 
chine replacement costs could be gjeatly affected if future 
metal systems were fabricated by RST. Additionally, 
bearings can run hotter and longer, new prostheses and 
implants will be possible, bridges can be made stronger, 
better petrochemical processing alloys are possible, and 
our dependence on sdeh imported strategic metals as 
cobalt and chromium can be significantly, reduced. 
Clearl>, aggressive pursuit of innovative RST technol- 
ogy can have a major impact on the overall U.S pro- 
ductive posture, while significantly increasing defense 
capabilities. 



HUMAN RESOURCES 

The arena in which the armed forces must function is 
becoming increasingly complex. Weapons, systems are 
more sophisticated, the speed of battle has increased, 
and the demands on the individual are mounting. Even 
the pressures of changes in our social system during 
peacetime are being felt by the military, and the all- 
volunteer system presents special ch^J^ges. Moreover, 
in the next 10 to 20 years, the U.S. Armed Forces may 
face the problem of an insufficient supply of available 
young people, current recruitment and retention prob* 
;(ems may confine, andcthe costs associated with a rapid 
turnover in personnel will be high,,y\*lthough the reso- 
lution of those problems involves a broad range of issues 
beyond the realm of science and technology, it is clear 
that a criticaf element in ensuring the vigor of the Na- 
tion's defenses is the development 'oFa strong base in 
the behavioral sciences. Areas of particular corfcern in- 
clude improvements in work force effectiveness, edu- 
cation and training, hun^an-computer intentions, and 
human factors engineering. 

J 



r interne 



IMPROVING- WORK FORCE EFFECTIVENESS 

The assessment of individuals for selection, classifica- 
tion, training, and advancement is a prbblem common 
to industry, educators, government, and the military 
services. A significant opportunity for the future is of- 
fered by improvements in, and increased utilization^-- 
computerized adaptive testing that appears to have,botjJ 
quantitative and qualitative improvements over older 
testing schemes. The application of modern test theory 
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and adaptive testing techniques can result in tests more 
than 50 percent shorter than conventional tests and with 
higher, levels of measurement precision. Adaptive 
achievement tests with half the number of items can be 
as valid as conventional tests, and multicontent achieve- . 
ment tests can be reduced drastically in length without t 
decreasing measurement efficiency. The design of the 
tests, as well as the intervention of the computer, serves 
to decrease bias. Obvious constraints are the initial cost 
of implementation and large-scale test construction for 
many discipline areas. 

< * * 

EDUCATION AND TRAINING 

Research in education an*d training concerns the^ acqui- 
sition and retention of complex skills. It is main!) driven 
by tw6 factors. ( I X It is costly to tram people to operate 
and maiQtain high-technology weapons systems, the cost 
o( the training equipment often approaches the cost of 
the weapons system itself, and the manpower to design^ 
build, and conduct formal training programs is intensive. 
(2) Many skills needed for combat cannot be imparted 
using converttional techniques in a peacetime environ- 
ment. Those skills tend to be associated with operations 
in a hostile zone where certain enemy weapons and tac- 
tics are encountered for the first time. The need to acquire 
such skills under combat conditions accounts for a large 
proportion of the high attrition experienced at the be- 
ginning of a war. Consequently, critical combat skills 
neeci to be identified, and learning principles and media 
concepts for teaching them in peacetime need to be de- 
veloped. Major Research thrusts include identifying com- 
plex skills, modeling learning processes, developing in- 
structional systems, identifying and validating Candidate 
training media, and assessing output performance. 

Current and, evolving computer technologies may be 
expected fo influence profoundly the methods and ef- 
fectiveness of personnel training. One result will be to 
make possible computer-based instruction systems ca- 
pa.ble of holding complicated conversations comparable 
to a Socratic dialogue about a subject. A few successful 
artificial intelligence systems provide a window into the 
future, the DENDRAL systems for physical cjtiecmstry, 
MYCIN for infectious diseasetiiagnosis, and MACYMA 
for calculus and other types of symbolic mathematics all 
demonstrate the ability to answer questions in the same 
way an expert would answer them. B.y 1985, there will 
be several such instructional systems in daily use, and 
numerous pfforts will be uijder vyay to expand the range 
of topics covered and the jdepth of understanding pos- 
y sessed by the systems. 

Expert systems to help people perform specific tasjcs 
.are much like instructional systems. In fact, the three 
systems listed above were actually developed to be expert 
assistants rather than teaches. DOD has an engrmous 
need fof such computer-tools to maintain-its comple 



vyea^ons systems in a hostile environnfent and in the face 
. of rapid personnel turnover. By 1985, DOD should have 
developed and demonstrated a knowledge representation 
scheme for aircraft maintenance data that can be provided 
at reasonable cost and that is suitable for training aircraft 
mechanics, providing a' diagnostic aid for special prob- 
lems, and printing needed hard copy maintenance doc- 
umentation. Once that knowledge representation tech- 
nology is dernpnstrated, it should be rapidlyAplied to 
a variety of other systems during the bettet/fialf of the 
decade. • \ . , 
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HUMAN-COMPUTER INTERACTION ANS> DECISIONMAKING 



The human ability fc. accept, assimilate, and act upon 
large quantities of information in anything approaching 
real time is severely limited. When the information 
comes from a number of diverse sources (sensors), is 
based upon diffefent physfcal principles (radar, sonar, 
intercept, visual), is received in various forms (sight, 
sound', data readout) with varying accuracies, and may 
be transmitted simultaneously, the magnitude of the 
problem increases dramatically Further research will be 
required to extend work already accomplished in logic, 
analysis. Wbrk w*Il also be necessary in all aspects of 
artificial intelligence or, as it might be termed, computer- 
aided decisionmaking There continues to be a need for 
more and better algorithms — those capable of assisting 
in the .real-time analysis of uncorrected clata At present, 
too few people are trained in the area of logic an/i the 
number of people knowledgeable in both lluman logic 
and mathematics is indeejj small 

With those factors in mind, DQD ha^undertaken a , 
major basic research effqrt aimed at enhancing the 
infprrtiation-processin^ and decisionmaking capabilities 
ofroeople working lfi demanding environments, through 
better understanding of interactions between human op- 
erators and computers. In today's defense missiops, so- 
phisticated sensor <ind communications systems can 
gather an overwhelming amount of information that is 
valuably or"critical to the conduct of operations While 
signal processing techniques aid in reducing noise and 
in transforming raw data into meaningful forms, better 
njanagement of information must occur at the interface t 
between machine presentation and human responses if 
we at£ to cope with the information load. Automation 
of more processing functions certainly can contribute to 
information handling, but even far into the future, ef- 
fective and dependable system performance will still re- 
quire.effective human operators and decisionmakers It 
is clear that solid basic research on human-computer 
interaction is needed to guide development of improved 
tactical capabilities. 

Problems with the interface between machine 'pres- 
entation and human responses in military openational 

iejnts_and_system s inc l ude these: (1) dealin g with _ 
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potential information overload f*or operators and deci- 
sionmakers. (2) dealing with time-critical information. 
(3) deciding what information in a high-volume system 
to save, or store. (4) finding optimal organization for 
different mixes ^information. (5) dealing with data 
bases prone to undetected errors or missing data. (6) 
presenting information in an optimal way for such di- 
verse functions as alerting for a critical event, monitoring 
for an infrequent failure, diagnosing a problem condi- 
tion, or presenting alternative courses of action. (7) al- 
locating appropriate tasks to machines, operators, and 
decisionmakers; and k (8) providing requisite contro\input 
interfaces and employing effective feedback tousers with 
varied skill and knowledge* about the computer system. 

Because the research area outlined he^e is interdisci- 
plinary and at the frontier of interaction between the 
behavioral and informational sciences, combined re- 
search in psychological scierfl&s and computer sciences, 
is clearly needed. Research specialties that will be es- 
sential elements in such interdisciplinary projects include 
human factors, artificial intelligence, psycholinguistics. 
decision analysis, communications theory, information 
management, information display, human information 
processing, human aptitudes, systems engineering . and 
management science. 4 

HUMAN FACTORS ENGINEERING 

Human factors engineering is concerned with human 
performance implications for the design of hardware, 
'Objectives of research are to. (1) provide basic knowl- 
edge of those sensory, perceptual, cognitive, and re- 
sponse characteristics that underfi^aafr performance ca- 
pabilities, (2) translate task performance information into L 
new ways for man to interface with his equipment, and 
(3) develop methods for assessing man's contributions 
to systems Current research concentrates upon vision 
and visual perception characteristics, neurophysiological 
metrics (e.g , visual responses that indicate perceptual 
a no! cognitive processes)? in formation -processing prin- 
ciples for man^computer interface design, decisionmak- 
ing in command and control, and methods for measuring 
workloads Multidisciplinary research in physical, bio- 
logical, and behavioral sciences will be heeded to 'pro- 
vide the 1 knowledge upoa which improved systems and 
'hardware can be based. 



HEALTH AND SURVIVAL OP COMBAT FORCES 

To defend the. national security worldwide. U.S. combat 
forces are expected to move quickly from continent to 
continent, from temperate zone to arctic to desert, from 
sea level to high altitude, andio perform their military 
functions on arrival. New weapons^stems, mayfequire 
more in the way of physical and psychological demands 
•on" Iheliumdn operator ThaifhS" or she/ is~able to give, 
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and new combat doctrine ma) requtre a< military unitjto 
perform for prolonged periods of # intense, continuous 
combat, straining the human organism's biological 
adaptability. Those factors affect the combat force's state 
of Health as well as its performance ability. Conse- 
quently the military services are increasingly Loneerned 
about protecting the fighting man on foot, at sea. or in 
the air from atnyriad of stressors. -ranging from extremes 
of climate, mechanical forces,* toxic atmospheres, and 
fatigue to medical factors affected by the peculiarities: 
of military social structure. 

* DISEASE CONTROL 

In the coming years, special attention will have to be 
give^ to infectious disease. The deterioration in the 
worldwide capacity for disease control, engendered by 
both economic factors and increasing biological resist- 
ance of vectors and disease agents to control methods, 
makes infectious disease, especially tropical disease, of 
increased military concern Infectious diseases note- 
worthy in this regard include malaria, dengue, plague, 
scrub typhus, 'leishmaniasis, hepatitis. Rift Valley fever, 
k Lassa fever, .diarrheal disease, schistosomiasis, and ar- 
bovirus infections. Historically, of course, disease has 

* been the primary cause of man-days lost from combat 
and a major'factor in many military campaigns. There 
is in the United States little or no civilian incentive to 
pursue prevention of such diseases as /malaria that are 
not common in the general population. The U.S. indus- 
trial technology base needed for development of pre- , 
ventive vaccines against such diseases has eroded se- 
verely , so that the military requirements must be met by 
the military itself. Emerging genetic engineering tech- 
niques may improve 'the ability to rapidly develop and 
produce peedeo^ biologicals, and the application of ra- 
tiotf^J methodology will'permit more efficient develop- 
ment of drugs to meet specific needs. Similarly,- the 
geographic epidemiology of militarily significant disease 
will be of increasing importance, since national strategic 
interests extend to areas that are sources of critical raw 
materials and £>etroleum. Any contingency plans for such 
areas mu^take into> account tte prevalence of diseases 
that comd arfcct military operations. 

BIOLOGICAL RESEARCH 

Ongoing and anticipated technological advances in mi- 
crobiology increase the level of threat from aggressor 
nations that might elect to engage in offensive biological 
warfare. To defend against thaf possibility, we must con- 
tinue to maintain a broad and ever-advancing techno- 
logical base. Military medical research should continue 
to emphasize the development and? production of safe 
anoyeffective immunizing agents against a growing list 
of organisms that might be used, including some with 
extreme virulence rOtfieF research efforts will attempt 
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to minimize the threat by improving prophylactic and 
therapeutic methods and by accelerating diagnostic ca- 
pabilities Emphasis in the next 5 years will include 
applications of research technology for use in the field. 
All efforts in military disease hazards technology will 
continue to be coordinated with the w orly of other Federal 
agencies' and international organizations. 

* ^COMBAT CASUALTY CARE 

Another critically^mportant aspect of the health and sur- 
vival of combat forces is combat casualty care. Render- 
ing medical care under the adverse conditions imposed 
by combat and operational environments requires a 

. .highly complex' and technically advanced medical sys- 
tem. Conceptually, the system of echeloned care used 
by„U.S forces has changed little since the Civil War 
It has capitalized on technical advances, but now faces 
new (or renewed) problems imposed by changes in the 
nature, extent, and intensity of the modern battlefield 
Jhc development of improved conventional munitions 
means new kinds of wounds, with distributions dissim- 
ilar from experience in prior wars.. Possible use of such 
unconventional weapons as chemical, nuclear, or di- 
rected energy devices raises tb£ possibility of combined 
injury or new classes of combat injury We must know 
more of the effects of those types of weapons to be ready 
to deal medically with them. The availability of resus- 
citative" fluid in the field is one example of such an 
emerging problem. Research is currently centered on a 
freeze-presfrvatton- technique, shplf-Iife extenders for 
preserved blood, stroma-free hemoglobin for battlefield- 
use, and the development of techniques for removing 
blood group determinants from whole blood, thus pro- 
viding a "universal -donor" blood on demand. New 
medical and surgical techniques (for example, micro- 
surgery) ma >' a k° improve the long-term prospects for 
the severely wounded, but rneans must,be found to make 
such high-technology approaches available as far for- 
ward on the battle front as possible. 

Advances in remote diagnostic jcapabilities and in 
computer aids may permit more sophisticated measures 
# to be used on the battlefield. Although there are' points 
of coincidence of combat care with civilian trauma care, 
and DOD research will be conducted in cooperation with 

. civilian organizations, the military requirements differ 
* in both kind and degree. 



PREVENTION OF HEALTH HAZARDS 

Research in health hazard prevention is driven by current 
and contemplated future battlefield requirements. Tech- 
nological advances, the increasing complexity of weap- 
ons systems, and the development of new tactics, dac- 
tnne, and training requirements expose individual soldiers 



and crews to a yariety of hazards that may impair their 
health, jexceed physical oj emotional tolerance limits, or 
degrade their performance capability^Jew developments 
have prompted a dramatic shifter research efforts to 
identify and minimize the adverse impacts of weapons 
^systems, materiel, and training or working environments 
on^health and performance effectiveness. The resulting 
research'emphasis will continue and will expand to meet 
new medical requirements that stem from newly discov- 
ered health hazards or the need to cortiply with Inderal, 
State, or local health regulations. 

A prominent thrust in DOD-efforts is directed at de- 
veloping health hazard assessment' and prevention tech- 
nology for the toxic effects of the "dirty battlefield" and 
other military environments. Many new compounds 
unique to the military pose health risks in the processes 
of manufacture,, storage, transport, handling, field use, , 
and exposure to combustion products or contaminants. 
New weapons systems require ytfhplete assessment of 
the chemical environment of crew compartments Com- 
bat vehicle crew compartments and indivi3ual protective 
clothing ensembles may pose substantial risks of heat 
exhaustion and heat stroke 'to the user. New air and 
ground combat vehicles require -assessment of the med- 
ical and performance effects of\ibration, noise, and 
impact 8 . Lo^-frequency noise has recently%een associ- 
ated with hi^h-frequency hearing loss. Pulmonary, au- 
ditory, and other effects of blast over-pressure require 
further study. Chronic loVlevel laser exposure^has been 
associated with irreversible vision impairment. Turt her 
. assessment of laser hazards and development of protec- 
tive devices are urgently required if lo\v-le\el laser emit- 
ters are to be employed, in training. An assessment of 
high-po\fcered microwave sources to which personnel are 
exposed djpng training and field operations is a^o re- 
quired. Recent medical concerns have focused on the 
geneticV cancer-producing, and ocular effects of 
microwaves. 

CONSTRAINTS C 

A general constraint to7he pace of progress in^health- 
3 related studies is tfTe lrt^fasing nationwide concern over 
protection of human subjects in medical research That 
concern has resulted in the* establishment of more strin- 
gent reviefy procedures. As a result, some categories of 
direct experimentation may be precluded. It is important 
that suitable alternatives to h,uman test subjects be de- 
veloped for experimental evaluations. Although animals 
still offer many possibilities improved techniques for 
extrapolating results derived Jfrom animal experiments 
to the human must be fourlcL Also, there is a similar 
growth in public concern over the use of animals in 
biomedical research; that also may adversely affect the 
pace of progress in health-related research. 
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HIGHLIGHTS * 

• The Space Shuttle made its first flight in April 1981. 
It will be able to carry larger and more diverse pay- 
loads into space at lowgr cost than current expendable 
launch vehicles can, and future flights are completely 
booked for several years. Upgrading of shuttles ir^ 

• production and development ofsystems for use with 
the Shuttle to increase its capabilities will be required 
toJltot the needs of projected civil -and military 
payloads. , 

• Sensing of Earth and its environment fronrspace can 
contribute significantly to the acquisition of knowK 

. edge- for furthering that understanding and devising 
-methods to alleviate the adverse effects of mankind's 
actions./ 

• The growth of satellite-based communications has 
been rapid and is expected to continue. Foreign gov- 
ernment and industry teams are becoming increasingly 
active in the satellite communications market. Satu- 
ration of the currently used portion of the electro- 
magnetic spectrum and of the geosynchronous arc is 
impending. Application of new technology and use 



•Participants m the task group developing transection included representatives of the National 
Aeronautics and Space Administration, the Department of State, the Department of the Interior, 
and the National Oceanic and Atmospheric Administration in the Department of Commerce 
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of yet unused frequency bands can improve the use 
of those resources, but data storage, processing, and 
management capabilities may -become as -limiting as t 
communications capabilities. # - 

• The Shuttle's avaifability and the Nation's background 

' .of successful space missions provide a strong foun- * 
dation for the next generation of space science inves- 
tigations to determine -the origin and evolution of the . 
universe and to learn theMessons that the history of 
the universe has for preserving Earth and its ability . 
to support intelligent life. Other nations are undertak- 
}M work in selected areas of sp#ce science. 

• The number of coiiQtries with space capabilities is 
increasing/That increase is cheating competition for 
the United £tates, but it is also providing opportunities 
for cost-sharing cooperation in areas not limited by 
natifc^l security or commercial proprietary 
considerations/ « 



INTRODUCTION * 

The use of space to solve problems on Earth, to expand 4 
knowledge about life and the universe, and to serve na- 
tional defense needs involves missions that take years 
from, conception toJaunch and that, once launched, may 
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and missions more affordable with greater industry in, 
volvement in the early stages of technology develop- 
ment.^Increased capabilities at lower unit costs will be 
sought for transportation^ information, electrical energy, 
and operations services. Emphasis will be placed on such 
of missions in the various areas of the Nations space emerging technologies as automation embodied in au- 
program to form a logical, efficient, and, effective se- . tonomous spacecraft, remote manipulation systems, 
quence of activities .that will tdke advantage of techno- smart sensing, automatically sequenced'operations; and 
logical opportunities and solve problems the Nation can ^ efficient information systems that will screen and process 
be expected to face. For those reasons, the material in data before transmitting them to Earth. Further, reduction 



operate in space for several, years. Space plans must look 
many years into the future; studies, research, and tech- 
nology deyelopment must be conducted for several years 
before systems to satisfy mission requirements can be 
initiated. This approach iliakes possible the continuing 



this section covers a span of activities from the study of 
concepts and development of enabling technology to the 
employment of space systems, many of which will not 
be completed until well after the 5-year horizon of this 
report. 

The United States has been in the forefront in ex- 
ploiting the advantages that space offers. Both the Na- 
tional Aeronautics and Space Act of 1958 and the Pres- 
ident's Space Policy of 1978 commit this country to 
leadership in space. Operation of the Space Shuttle start- 
ing in 1982 will significantly improve U.S. abilities in 
most areas of space activity, laying the foundation for 
long-duration human occupancy of space, and further 
space exploration. 

The Nation's space program is contributing to the fu- 
ture quality of life on Earth. However, as with most 
activities that provide major benefits, space activities 
require a substantial investment of resources. In addition, 
since it is often impossible to predict accurately the ben- 
efits that a specific space program wjll provide, private 
enterprise in the past has generally not ventured into 
major space programs, making government sponsorship 
necessary. 

The U.S. space program of the 1960s concentrated on , 
developing technology for propulsion, power, structures, 

.controls, and electronics for space ^ys tems > on initiating 
exploration of the solar system, and on proving that space 
flight, both -unmanned and manned, is not only tech- 
nologically feasible, but potentially very useful.^ The 
decade of the 1970s was a period of consolidation and 
application of the technology developed in the 1960s, 
initial development of reusable space systems, and as- 
sessment of directions to pursue in further space research 
and applications. Those directions favored utility, but 
thcexploitation of the space environment for scientific 
purposes also received support. The Nation committed 
itself to the Space Shuttle, but it also developed and flew 
planetary and Earth-orbiting missions to increase under- 
standing of the universe. Space activities in the 1980s 
are. expected to become progressively ni^re international 

Jn character, sophisticated in technology, rich in contri- 
bution ^scientific knowledge, and valuable in utility, 
commercial participation and ^promise, and military 
application. 

A major objective in the early 1980s will be to develop 
and demonstrate technology that will make space systems 



in lifC-cycle costs will be sought through technology 
^vances in aerothermodynamics, materials*^ struc- 
tures, and electrical power and propulgwtfT 

« 

SPACE TRANSPORTATION AND OPERATIONS 

Demonstration, in the 1960s and 1970,s, of the tedfinp- 
logical feasibilit> and utility of space operations brbwght 
with it recognition of the need to be able to do rtore 
things in space, at less cost. That recognition led\o 
initiation of the Space, Transportation System, a com- 
bined reusable launch and reentry vehicle and a short- 
term, low-Earth-orbit space platform. Although at that 
time many of the payloads for the systejn and the total 
amount of Jtraffic could not be predicted, the system is 
now solidly booked for its early years of operation. ^Some 
planned payloads will require greater services,* more 
power, and longer stay times in space than the 'current 
system will be able to provide. Organizations committed 
to use of the system include the National Aeronautics 
and jSpace Administration (NASA), the Department of 
Defense, other agencies of the U.S. Governmeat, com- 
mercial concerns, and foreign governments. " 

SPACE TRANSPORTATION SYSTEM 

Progressively through tHe 1980s, the Space Transpor- 
tation System is expected to replace for the United States 
the expendable launch vehicles on which all space pro- 
grams have relied. It will consist of the Space Shuttle, 
the European-developed Spacelab, and upper stages for 
boosting payloads from the Shuttle's low Earth orbit to 
higher energy orbits. The Shuttle will be able to transport 
into space a wide variety of payloads as large. as 15 feet 
in diameter and 60 feet long, and as much as 65,000 
pounds in weight. A Shuttle orbiter, with a Spacelab 
mounted in its cargo bay, will serve as a-lo'w-Earth-orbit 
space platform with a stay time in space of up to 7 days. 

The Shuttle will also launch, service, and retrieve free- 
flying spacecraft, which will perform both scientific 
missions to increase mankind's understanding of the 
'universe and applications missions contributing directly 
to applying space technology to uses on Earth. For ex- 
ample, beginning with early Shuttle-Spacelab missions, 
investigations in materials processing are planned to lay 
the groundwork for the commercial production of new 
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and superior materials in space. Also, the greater access 
to space provided by the Shuttle is expected to increase 
capabilities* for remote sensing from sp,ace, thereby im- 
proving management of Earth's ecology and use of its 
resources. # 

The first orbital test flight of the Shuttle was in April 
1981. Regular operational flights are scheduled to begin 
in late 1982. They will mark the beginning, but not the 
maturity, of ^ new national capability. Improvements 
will be necessary to achieve the greater capabilities that 
advanced payJpads will demand. Many new require- 
ments will become evident only as flight experience dis- 
closes them, but one that \§ already known .is an ability 
to transport heavier cargo loads into space. Satisfaction 
of that need w;ill be approached through the best com- 
bination of reductions in Shuttle weight, increases in tjie 
thrust of its propulsion s> stem, and provision of auxiliary 
propulsion. , ^ 

Improvement of the Shuttle's performance, habitabil- 
lty, reliability,. operational simplicity, and payload ac- 
commodations will require some augmentation of its 
basic subsystems. A major need is an increase in avail- 
able electrical energy, both to support expected payloads 
and to increase the Shuttle-Spacelab's stay time in orbit. 
Current technology is sufficient for developing systems 
that could satisfy relatively short-term needs during the 
next 5 years. However, longer range t needs indicate a 
requirement for increases in the efficiency and decreases 
in the cost of solar arrays, increases in the capacity of 
energy storage devices, * and improvements in power- 
management systems. Other important 'needs are for 
techniques and equipment for servicing satellites, both 
near to and remote'from the Shuttle: 

SPACE PLATFORMS* ^ 

Some future space payloads will be able.to benefit from, 
or will require, stay times in space greater than those 
that even the augmented Shuttie-Spacelab will be able 
to provide. It is expected that the most efficient method 
to Accommodate many of those payloads wHl be to mount 
them on platforms providing common stabilization, elec- / 
trical power, cooling, and other services. Early space 
platforms are expected to occupy low Earth orbits, be 
unmanned, and be tended periodically by the Shuttle for 
si/ch purposes as resupply and placement, repair, and 
retrieval of experiments. The need for payload accom- 
modations is expected to grow with time, making larger 
multifunction platforms desirable. Structures to a certain ' 
size will be carried to space in the Shuttle's cargo bay. 
Larger structures will hfve to be transported folded up 
in sections to be assembled in space, and some could., 
bdltfarge enough to require fabrication ^n space. Work 
is in process on the assembly and fabricating techniques 
that will be peeded and on the technology for^ syste/ns 
to maintain the orientation and geometry of the structures. 
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Geosynchronous orbits are important for some pur- 
poses. For example, communications satellites benefit 
greatfv from being in geosynchronous orbits, and some 
remw sensing and space science tasks require that sen- 
sors' occupy geosynchronous orbits. A problem is that 
demand for geosynchronous systems to perform a variety 
of tasks is growing, rapidly , while the number of geo- 
synchronous erbit positions is not. Consideration is being 
given to collecting on platforms 'the payloads oft what 
would otherwise be clusters of geosynchronous satellites. 
Geosynchronous platforms, as early low-Earth-orbit 
^platforms, will be unmanned. Low-Earth-orbit platforms 
will require periodic human servicing, but geosynchro- * 
nous platforms* likely will be serviced remotely from 
great distances. 

Movement of space platforms from Shuttle altitude to 
geosynchronous orbit will require transfer vehicles hav- 
ing greater lifting capabilities than those of the Inertial 
Upper Sjage and the Spinning Solid Upper Stages being 
developed by the U.S. Air Force and industry, respec- 
tively, in coordination with NASA. NASA has started 
developing early basic technology and concepts for orbit 
transfer vehicles, to satisfy that need, as'welj as to place"" 
satellites in Earth-departure and other high-energy orbits 
and to retrieve satellites both near to and remote from 
the Shuttle.' * ♦ 

OPERATION Of; SPACE VEHICLES 

From its beginning the space program has relied heavily 
on remotely controlled systems to direct spacecraft op- 
erations. Althoiigh^he use" of remote control is expected 
to continue, many'future space activities .will require, 
or at least be able to benefit from, such increasingly 
sophisticated technologies as automation, machine in- 
telligence, and robotics. NASA sponsored, in the sum- 
mer of 1980, two workshops in those areas and plans 
to develop appropriate technology to enable the intro- 
ductiorLof new capabilities embodying those disciplines. 

The operation of manned systems introduces questions 
about human physiology in space and requires subsys- A 
terns to provide l^e support for human operators. Neither 
the short-term nor the long-term effects of spaceflight 
ori physiological functions are adequately understood, 
and methods for mitigating adverse effects are needed. 
Optimal patterns of work, exercise, nutrition, and sleep 
must be designed. Procedures for maintaining health and 
treating illnesses in space require new developments. 
Cooperation with the U.S.S.R. in the studyv^fUife sci- 
ences areas has provided this country with some scien- 
tific information and opportunities to fly experiments 
during the recent hiatus in U.S. manned flights. How- 
ever, the long-duration stays of U.S.S.R. cosmonauts in 
space during recent years may have given the*U.S,S.R. 
knowledge that this country has not shared fully. In any 
event, bbtlrxountries still have much to learn. 
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ORlGltf AND EVOLUTION OF THE UNIVERSE 

One area of activity in. which the United States holds 
recognized and uncontested world leadership is space 
science Past space exploration has paid significant div- 
idends by advancing technology in electronkrs in general, 
compitter technology in particular, and many, other sci- 
entific and technical areas. It has added substantially to 
knowledge about the universe and how^ Earth and its 
inhabitants fit into that universe. The advent of the Space 
Shuttle places (his Nation in a position to do evefi greater 
space science research. / 
Space science projects tend to be major undertakings 
with durations measured in years rather than months. 
Partly because of those characteristics, the projects are 
particulary attractive for cooperatio'n with other nations. 
The United States is conducting several space science 

<r^ojects with- Western European nations, which are dis- 
playing increasing interest in such scientific inquiry The 
U S.S.R.^alscyhas a space science program and has even 
indicated plansVor conducting manned exploration of the 
planets at sometime in the future. 

' Investigation of the origin and evolution of the uni- 
verse can be addressed conveniently under four space 
science areas: astrophysics, solar-terrestrial physics, 
planetary research, and the life sciences. It encompasses 
Earth, the soUr system, our galaxy, and the entire uni- 
verse. It includes, the emergence of life on Earth and 
possibly elsewhere in the universe. It requires study of 
an incredibly diverse group of objects including diffuse 
plouds of gas and dust, and stars arid their systems (ff 
planets, comets, asteroids, pulsars, and quasars And, 

" until onsite measurements can be made, it must take into 
consideration radiation in all the frequency regions from 

- radio waves to cosmic rays. 

astrophysics 

The- goal of the Nation's program in astrophysics is an 
understanding of the basic laws governing the universe. 
Achieving that goal -will be no simple undertaking. Mat- 
ter exists in the universes densities ranging from the 

.almost perfect vacuum of intergalactic space to black 
holes, whose gravitational fields trap^even light. Tem- 
peratures range from 'almost absolute.zero in cold de- 
generate matter in dead stars to multimillions of degrees 
in the hearts of active galaxies. The* radiation emitted by 
astrophysical bodies is — depending.on conditions within 
those bodies — correspondingly high- of low-energy, in- 
tense or faint, polarized or unpolarized, and highly var- 
iable or constant. Most of the radiation cannot he ob- 
served adequately from Eaijh because of the turbulence 
and opacity of Earths atmosphere.. Consequently, prog- 
ress in understanding the universe must rely on obser- 
vations from the vantage point of space. m 
Eventually the astrophysics program will provide ob- 

* servations of the universe in almost all the regions of the 



electromagnetic spectrunv Detailed studies have been 
made in the X-ray and ultraviolet regions, and results^ 
have brought about a complete revision of previous theo- 
ries. In contrast-, the extreme ultraviolet region still 
awaits an initial survey. Major space systems under de- 
velopment to provide the needed observations include 
the Space Telescope, lnfrare^d Astronomical Satellite. 
&nd Gamma Ray Observatory. A variety of experiments 
will also lj£ conducted on* the Shuttle-Spacelab. In ad; 
dition, five satellite systems are under study, one to 
measure the residual microwave background radiation 

<. believed to be associated with the "big l?ang" origin of 
^the universe; one to open up the extreme ultraviolet re- 
gion, which is among the last remaining unexplored re- 
gions *of the electromagnetTcTspectrurn. one to provide 
an order-of-magnitude increase in the sensitivity and 
spectral and spatial resolution of X-ray measurements. 

* one to investigate the temporal variability of 4 galactic 
X-ray sources; and one to "perform tests of the general 
theory of relativity. 

The Space Telescope is under development and will 
be launched late in the 5-year period of this report. As 
the most, powerful astronomical telescope ever built, it 
will introduce a new £ra of space astronomy. It will be 
• a free-flying* Observatory delivered into space and serv- 
iced there by the Space Shuttle. The. design of the pb- 
servatory will jllow its focal plane instruments to be 
changed and updated during flight. After a # number of 
years, the Shuttle will retrieve the observatory and retunr 
it to Earth for refurbishment. It wilfbe a true space 
analog of the traditional comprehensive, flexible, long- 
lived, ground-based observatory, the European Space 
Agency is providing solar arrays, the faint-object cam- 
era, and ground support fophe Space Telescope in ex- 
change for some observing time on it. 

The Infrared .Astronomy Satellite (IRAS) is 9 coop- 
erative project with the Netherlands, with participation 
by the United Kingdom. The United States is developing, 
the telescope ToTthe system, while 1 the spac&raft will 
be the contribution of the Netherlands. IRAS will provide 
the first comprehensive survey of the\ky to detect dis- 
crete infrared sources in the 8- if> 1 20-micron region of 
the spectrum. The survey is expected to detect 1 to 10 
million sources and obtain sufficient informaffon on them 
for identification of the most interesting ones for inJen- 
sive study. That intensive study will be accomplished 
with the Shuttle Infrared Telescope- Facility, which will 
provide infrared imaging, spectroscopy, and photometry 
a thousand times more sensitive than Earth-based in- 
struments can provide.' 

The Gamma Ray Observatory will allow observation 
..of objects in an extremely high-energy regio^ of the^ 
electromagnetic spectrum. It will move gamma-ray as- 
tronomy from the initial survey performed by the third 
High Energy Astronomy Observatory^ (HIiAQ-3) to the 
detailed study stage^Jts measurements are expected (1) 



to rev^ the explosive, high-energy, nuclear and ele- 
mentary particle processes that occur in the universe, 
and (2) to provide direct evidence of nuclear reactions 
that are believed to lead to synthesis of elements, infor- 
mation on both interstellar gas and the cosmic rays that 
interact with the gas, and understanding of such objects 
as pulsars. * k 

Future progress in astrophysics will require compo- 
nents for systems that evolving knowledge indicates are 
needed. Components for which a need is already foreseen 
and for which work either is or will be in process during 
* the jfenod of this report include high-sensitivity detectors 
for all wavelengths, optics for large' fli^x collectors, and 
space platforms. 

SOLAR-TERRESTRIAL PHYSICS 

The importance of solar-terrestrial physics research lies 
in mankind's complete' dependence on the .Sun and on 
the Sun's constancy and predictability for maintenance 
of Earth's benign and delicate environment. It is now 
recognized that variations in the Earth-space environ- 
ment create serious operational problems in ground- 
based and spaceborne systems that are directly related 
to civilian needs and national security. Solar-tergestrial 
environment variations affect communications, power A 
distribution, transportation safety, and geophysical ex- 
ploration. In addition, evidence is accumulating that 
there is a correlation between solar events and significant 
weather and climate changes. Mankind therefore must 
understand the process that generate energy in the Sun 
and transform and transport tlfaf energy to Earth, as well 
as the interactions of that enejgy twith*Earth's space en- 
vironment and njagnetic field. 

The Sun , dominates Earth's environment in many 
ways. Its light supplies energy to life on the planet, and 
its heating* effects^ are the driving force for weather proc- 

* esses. Ultraviolet* radiation fromjtffe Sun heats and ion- 
izes l3kth's upper atmosphere. The continual, but var- 
iable, outflow from the Sun of ionized |as (or plasma) 
known as solar wind acts on Earth's magnetic field, 

~ confining it and the charged particle population to a tear- 

, drop-shaped 44 magnetospheric cavity." Solar wind also* 
contributes to the energy that is the source for aurorae, 

m magnetic storms, and Earth's radiation belts. . 

Solar-terrestrial research has made sign ificanr progress , 
in identifying the structure of the Sun, the heliosphere, 

^and Earth's^ magnetosphere, ionosphere, and upper at- 
mosphere above 100 kilometers. Areas in which further 
understabding-is needed are: % 
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(1) The physical processes that^ create and control the 
, flow of energy and mass from the Sun into the 

heliosphere; * ^ *' 

(2) The electrically neutral, highly ionized gas called 
space plasma, phenomena associated with its flow, 

1 
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andjts^omplex interactions with planetary atmos- 
pheres and magnetospheres; and 
(3) The Sun's .interior and its dynamics. 1 

* 

Two space systems currently in operation are contrib- 
uting to that understanding. The International Sun-Earth 
Explorers (ISEE-1, ISEE-2, and ISEE-3), a collabo- 
rative project between NASA and the European Space 
Agency, make simultaneous multipoint measurements 
that are used to determine the structure and time varia- 
bility of the interface between the solar wind and the 
magnetosphere. ISEE-3* which occupies a stable posi- 
tion between Earth and tfie Sun that allows it to intercept 
the solar wind about an hour before the wind reaches 
Earth' j atmosphere, immediately Igahsmits its data to the 
National Oceanic and Atmospheric Administration to 
provide early warning of geomagnetic disturbances, in- 
terference with* short-wave radio transmissions, and sim- 
ilar local manifestations of solar activity, the Solar 
Maximum Mission, launched ln'February 1980, is study- 
ing solar flares and other types of solar activity during 
the current peak of the 1 Inyear sunspot cycle. It also is 
measuring the Sun's total heat and light outgut. Contin- 
uation of those measurements is crucial to an understand- 
ing of the extent to which changes in the Sun's luminosity 
do, in fact, cause changes in Earth's weather and climate. 

Currently in the planning stage is a program that has 
as its objective an understanding of the most important 
energy exchange processes that control Earth's stjpce 
environment. It will seek that understanding by mea- 

* suring the flow of energy and matter from the solar wind 
into Earth's magnetosphere. 

Also under study are two missions to investigate the 
dynamics of the Sun's interior and atmosphere and to 
probertfor the first time, the solar wind very close to the 

• Sim. Those missions will measure, indirectly, the dis- 
tribution of matter inside the Sun, thereby .improving* 
understanding of the basic mechanism of energy pro- 
duction in the Sun's core. They will make possible, also, 
fundamental new measurements of relativity and gravi- 
tational theory. , N 

To further understanding of solar-terrestrial phenom-* 
ena, instruments to be/flown in a serifcs of Spacefab 
flights to provide coordinated, multidisciplinary mea- 
surements of the -Sun and Earth^s ionosphere-magneto-, 
sphere environment are currently under study and de- 
velopment. One particularly important Spacelab instrument 
will be a large .telescope that will vigwlhe Sun's surface 
with 10 timesvthe detai] possible from Earth's surface. 
In addition, several satellite systems are planned: 

(1) A two-spacecraft system, now underdevelopment, 
to study the coupling between the ionosphere "and 
the magnetosphere at high latitudes; 

(2) /An internatjpnal two-spacecraft system to study the 
entry of ions from the solar wind into the magne- 
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'tosphere and the energizing of those^t^fs on the 
flanks of the magnetosphere and in.its tail (Germany 
. % •will supply .the module to release tracer ions, and 
the United States will provide the module to detect 
4he .tens inside the magnetosphere and measure their 
energy); ' i% • ** 

(3) ^ A* system to study properties of the Sun's corona, 

* the processes that generate and maintain it, and how 
•* the corona gives rise to the solar wind and accelerates 

"it into planetary space; and 

(4) A.' system to study, in th6 space environment, phe- 
nomena associated with the apparently ubiquitous 
turbulence of plasmas. 

• <» 

PLANETARY RESEARCH - 

The goals of the Nation's planetary research program are. 

to understand the origin and evolution of the solar system 
and to provide new knowledge of Earth by Comparing 

*rE>vith other* planets. Thus, in addihon to developing 
basic scientific information on the sola^system, the pro- 
granr increases understanding of Eartms geologic and 
atmospheric- processes. That understanding can aid in the 
discovery and use of Earth's material resources and~ 
iii the discovery ai}d control of mankind's effects on 
the environment. With the Apollo Moon'missions, the 
Viking explorations <Jf Mars, and the Voyager recon- 

,naissan£&flightsftast Jupiter and Saturn as its most visi- \ 

'ble highlights in refcent years, the planetary program has 
not only yielded a large ^amount of^scientific data, but 

' has also stimiifated the minds of people around the world. 

The Galileo project \i in prcx^ss, with its launch 
expected in J985 and arrival of* its orbiter spacecraft 
and probe •at Jupiter in mid-1987. The mission will be 
a majoraugmentatioh in the thrust of the planetary explp- 
ration program. Studies have indicated th^t the next 
mission that should be initiated is one that would use 
radar to penetrate Venus's dense atmosphere and jnap 

Jhat planet's entire surface with a resolution^ better tljan 

Hi kilometer and a best spot resolution of approximately 
1^0 meters. That mapTv^ould reveal .details of the geo- 
logical. history and nature of Venus; just*as Mariner 9 

""revealed thdse characteristics of Mars. ' 

/ • 

LIFE SCIENCES 

Life sciences research is an important face; of the study 
of the origin and evolution of the universe. Oije goal ok 
the research is an understanding of the highest manifes- 
tation of creatidn: th^origin, evolution, nature, and'dis- 
tribution of complex life fn the universe and the inter- 
action of that life wkh,the environment. The understanding 
may be crucial in^termining how mankind should con- 
duct its activiti^?f||cause the least possible 4etrijnent 
to the teirestrial environment. Another gozfl ofelife sci- 
ences research, an understanding of the effects of the 



space environment on biological systems, is expected to 
lead to a better understanding of life processes on Earth. 
Also, because manned space flight is a key element pf 
the national space program,^ third goal of life sciences 
research is an understanding of t)ie effects of the space 
environment on humans and the development of means 
to mitigate those effects. 4 
' Although some life sciences research can be doge in 
ground-based laboratories, much of it requires experi- 
ments in space, and many of those experiments require 
the presence of humans. In the absence of manned flights 
since Skylab, the United States has used ground-based 
research to prepare for experiments on the Shuttle-Space- 
lab. In addition, NASA has conducted a small number 
of investigations jointly with the Soviets on their Cosmos 
missions, and the Soviets have shared with the United 
States some of the results from their manned missions. 
Although those* activities have been important, the mul- 
tiple, integrated studies in space that the Shuttle-Space- 
lab wjjl make possible will be the key to major advances 
in life sciences disciplines. 

The principal 'objective of early Shuttle-Spacelab ex- 
periments v^Ul be to achieve an understanding of such 
problems -encountered in previous manned flights as 
space\ motion sickness, calcium loss, fluid shifts, car- 
diovascular deconditioning, and muscular decondition- 
lng. In addition, basic research will address gravitational 
biology. 

To be as effective as, possible, manned space systems 
should be capable of sustaining themselves with minimal 
connection to the terrestrial biosphere.- Already com- 
pleted on the ground is a "breadboard," version of a 
fully integrated air re/italization system designed to 
maintain an atmosphere of constant composition without 
supplies of compressed or liquefied gas. Research has 
been initiated to develop biologically based life support 
systems using plants or single-celled organisms. The 
goal is to develop a technology base for a life support 
system requiring essentially only solar energy as an in- 
put, with negligible need for resupply from Earth. The 
scientific understanding accruing from the development 
of such a system will be a pacing factor in undertaking 
future manned space activities and could also lid in the 
intelligent management of Earth's biosphere in the dif- 
ficult decades ahead. An adequate scientific description 

^of the only known large ctosed ecological system, the 
terrestrial biosphere, does not currently exist. Further, 

• human activities are disrupting that system's cycles in 
ways that cannot be predicted confidently and with pos- 
sible implications that are not understood. s 

The life-in-the-universe component of life sciences 
research is also expected to provide information impor- 
tant to mankind's understanding of the origin and pos- 
sible fate of terrestrial life. Two elements of a complete 
prograrti are being addressed: chemical evolution and 
origins of life. Plaos#are included for addressing the three 



remaining important elements: interactions of biogenic 
elements (for example, carbon, nitrogen, hydrogen, and 
oxygen) that occur before the formation of small organic 
molecules, evolution of life after primitive life forms 
first appeared, and the search for intelligent life else- 
where in the universe. ' 



* SENSING OF EARTH AND ITS ENVIRONMENT 
FRO'M SPACE 

Several' studies have been made in recent years of 
whether the world will continue to be able tcsustain the 
> current quality of human life. The most recent of those 
studies was conducted by the Council on Environmental 
Quality and the. Department of State. It produced the 
Global 2000 Report to* the President, which concludes 
that, if current trends continue, the quality of human life 
worldwide will be seriously diminished by the year 2000. 
Major factors involved include food shortages, depletion 
of natural resources, water shortages, and changes in 
Earth's atmosphere. The report states further that vig T 
orous changes in public policy around the world are 
needed if problems are to be avoided orminimized before 
they become unmanageable. 

Remote sensing from space can provide policymakers 
with accurate and continuously updated information on 

• .Earth's resources and environment, and such global, re- 
' petitiye information can be obtained by no other known 

rheans. In addition, remote sensingjs the only available 
tool that can satisfy the requirement of viewing Earth 
and its environment- as a single integrated system. The 
terrestrial system is a complex global biogeochemical 
harmony; development of -methods for protecting it will 
require an understanding of how it functions, and jhat 
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climate. As a test, the worldwide production of wheat for 
1 year was predicted, with good acturacy,,from data 
collected before harvest. The AgRISTARS remote- 
sensing program is expected to provide, by the late 1980s, 
an improved governd^nt system for forecasting4he pro- 
duction of all major crcps^ More accurate crop-forecast 
information permits optimal agricultural production by 
enabling better planting, harvesting, and storage deci- 
sions. Similarly, an ability to use remote sensing in 
worldwide invW&ying of forests by type pf timber has 
been demonsfra*ea. 

Remote sensing already provides improved local 
'weather predictions, and more experience and advanced ^ 
operational systems will increase precision. Remotely 
sensed data permit more precise estimation of amounts 
of precipitation and daily temperature extremes. Remote 
sensing also is capable of increasing the accuracy in 
detecting, predicting, and providing warning of hurri- 
canes, tornadoes, flash floods, thunderstorms, blizzards, 
anil dense fog. It makes possible the acquisition of, im- 
portant meteorological information in such data-sparse 
areas as oceans and locations in the Southern Hemisphere 
where conventional meteorological, observations are 
lacking. It can provide continuous global and regional 
measurements of incoming and Earth-reflected solar ra- 
diation and Earth-emitted thermal radiation. Changes in 
the delicate balance of those quantities modulate Earth's 
climate. Consequently^ their measurement would' im- . 
prove forecasts of seasonal conditions aricfclimatic trends 
arid, therefore, permit better management of food and 
energy resource . * 

Improvements in local weather predictions arid in 
warnings of severe storms and natural -disasters enable ' 
the agriculture, oil, gas, and shipping industries tq op- 
erate more productively. Improved storm warnings are 



j . ... r : . >™r*" aK erate more productively. Improved storm warnings are 

understandrng. w.ll require viewing >t Mutually rathe^ , lso of great value t0 the fishj jndu as £ 

than studying * individual components-land, oceans<-~4 OI¥ tensive Aeasurements ^ remote sensi can 
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atmosphere, and biosphere — in isolation. 



REMOTE SENSING APPLICATIONS 

Remote sensing from space has already proved to be a 
valuable tool and promises to be an even more useful 
tool in the future. For example, surveys by Earth-oftiting 
sensor systems can monitor changes in urban and sub- 
urban residential patterns to aid in the plarining needed 
foMrelieving the significant pressures that population 
growth is placing on finiteiand resources. Surveys also 
can furnish land use management iiiformation related to 
the siting of nuclear and coal-burning power plants, * 
coastal zone development, near-surface mineral extrac- 
tion, recreational needs, wildlife and cropland preser- 
vation, and land reclamation. They can provide more 
accurate forecasts of global crop production, show the f 
amount of land under cultivation, ancl give timely in- 
formation on thevrelated factors of water, weather, and 



provide, with essentially no lag in time, of ocean col<a\ 
\ water temperature, wind speed and wind .direction, 
which collectively indicate the ability of an ocean area 
to support fish stocks. ' . 

Remote sensing is also beginning to play a significant 
role in locating and identifying air and water pollution 
fcnd in determining their sources. By tracing the path of 
suspended material in rivers and estuaries, remote sen- x 
sing can identify areas, (impact zones) that would.be- 
affected by effluents from proposed factories, populated 
areas,' and 'inadvertent spills* That information can be . 
useful in lan<\ usp planning, as -well as in controlling 
pollution^Impact zones^long the Atlantic Coast of the 
United StSes have already b^fanapped , arid the Gulf 
of Mexico wilf soon be mappwto facilitate the planning 
of its coastal developments « ' , 

The petroleum and other extractive industries are in- 
vesting heavily in development of their ability to analyze 
remotely sensed data * Existing remote sensing techr\ol- 
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ogy provides a starting point for producing, A*ythin the 
next decade, a world geographic atlas to support-energy 
* and mineral exploration and development planning. 

> 

REMOTE SENSING SYSTEMS 

Recent decisions have been made concerning responsi- 
bilities fon developmental, demonstration; and opera- 
tional remote sensing systems, and for managing their 
use. For* example, the responsibility for managing the 
operation of the NASA-developed; Landsat series of ex- 
perimental land-sensing satellites is scheduled for trans- 
fer from NASA to NOAA staring about 1983, and 
NOAA is planning to initiate an Operational Land- 
Observing System, with NASA developing the required . 
advanced sensors and data processing techniques. 

The'Nation's program in remote sensing is developing 
the required technology, techniques, and administrative 
procedures. It is a complex program involving a wide 
variety of systems. Mention of two of the major systems 
- will indicate the scope of developmental activity. 

The next step in the Nation's environmental program 
is expected to be the Upper Atmosphere Research Sat- 
ellites system now being planned.' That system will in- 
crease understanding of the chemical constituents and 
dynamics of the stratosphere and mesosphere and en- 
hance current abilities for assessing threats to the uppet 
atmosphere and its ozone layer. 

The Advanced Operational Meteorological System, 
planned for initial operation in the early 1990s, will be 
the next-generation global weather satellite system and 
will serve as the operational follow-on to the current 
Tiros and Geostationary Orbit Environmental Satellite 
systems. 4 



COMMUNICATIONS AND DATA MANAGEMENT 



'The decade of the 1970s saw phenomenal growth in 
international and domestic communications satelliteS^t- 
works. -That growth surpassed all projections and created*' 
a need for communications satellites with greatly en- 
hanced -capabilities. It is predicted that communications 
traffic and other demands on the limited geostationary^ 
arc will result in saturation of the arc and the currently" 
used portion of the electromagnetic spectrum in the early 
1990s. Jockeying for priorities in the relatively limited 
region of geosynchronous orbit will continue. In addi- 
tion, the trend toward larger spacecrafDo occupy the 

. limited number of positions in the geosynchronous arc 
will accelerate when the greater launching capabilities 
of the Shuttle and its upper stages become availableN 

°The National Earth Satellite Service (NESS) has taken 
some steps to alleviate this Situation. On January 29, 
1981, NESS boosted tfie no longer ufeeful SMS-1 geo- 
stationary satellite to an orbit 500 kilometers above the 
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geosynchronous orbit altitude. If all operators of geo- 
synchronous satellites could be assured of sufficient op- 
erational capability to execute such a maneuver at the 
conclusion of a satellite's usefulness, the present rapid , 
rate of saturation of this very important volume of near- 
Earth space might be brought under control. 

SATELLITE COMMUNICATIONS 

To meet the demand for satellite communications pro- 
jected for 1990 and beyontf, NASA has plans to enhance 
its research and development role with the goal of de- 
> veloping, within the next decade, technology to support 
a communications capacity several times as large as the 
current capacity. NASA will direct one area of research 
toward opening up a new frequency band, as authorized 
by the World Administrative Radio Conference, through 
a system frhoSe ground to space transmissions will be 
at the 30 gigaHertz (GHz) frequency and whose space 
to ground transmissions will be at the 20 GHz frequency. 
In addition, NASA is developing advanced multibeam 
antennas and onboard switching systems to increase the 
capacity of the 20-30 GHz band anc^ of the currently 
used 4-6 GHz and 1 1-14 GHz bands. Part of that work 
will be aimed at constructing high-power transmitters 
. using both solid-state and traveling-wave-tube ampli- 
fiers, and solid-state low-noise amplifiers. The result will 
be a capability to construct a highly flexible ^wide-band 
communications network. 

The wide-band communications network will satisfy 
many of the neeck-for additional communications ca- 
pacity, but different provisions will be required for such 
.other applications as emergency and disaster commu- 
nications and. land-mobile voice communications. 'Use 
of ultrahigh frequencies via. satellite promises the low 
costs required for those kinds of low-volume commu- 
nications. The design of the satellites will have to depend 
heavily on Ae application of multibeam techniques J$ 
provide as much frequency reuse as practical in an an- 
ticipated spectrum allocation* of only a few tens of 
megaHertz. * , ■ - 

» The Tracking and Data Relay Satellite System (TpRSS) 
that will provide a capacity for handling the increas- 
ingly higher data transmission rates yf Earthwbiting 
missions is scheduled to become operational in 1984, 
Low- and moderate-altitude Earth-orbiting systems ini- 
tiated after 1980 are being designed to be compatible 
with* TDRSS. Data loads in the 1990s are expected to 
.exceed the capacity of TDRSS, and studies have been 
initiated to define concepts for an even more advanced 
system. ; 



DATA PROCESSING REQUIREMENTS 

The field of data processing is emerging as an important 
element in applying ,space-acquired data to everyday 
problems on Earth. Remote sensing satellites and various 



groundjbased demands are already placing stress on the * 
ability to pr&ess and use data efficiently and cheaply. 
As a result of past technological developments, the end* 
to-end cost of processing satellite data has decreased* 
substantially—from about SI 00 per processed megabit * 
to something on disorder of $6 per processed megabit. 
If the current rate of decrease continues to 1990, the cost 
will be reduced to $J per megabit. Even so, the annual 
cost of processing daily full-coverage data from an op- 
erational Eaijb-re sources satellite could still be extnjhiely 
high. • - ' 

f Efforts to manage the expected heavy data processing 
loads of the/uture will center on Various reseajtfh goals ^ 
^that reflect both the current problems and the solutions 
that may be possible la'ter in the^decade. fn computer 
hardware, a significant improvement over magnetic disc 
technology is necessary for computer file memory, par- 
ticularly iri computers processing remotely sensed data. 
System architecture must provide easier access to data 
bases distributed nationwide and globally and allow data 
processing ayiters to use the capabilities of other centers 
located across the country. Increased standardization in 
computer software is needed to simplify management of 
data systems. 

Research heeds for the next decade indicate 4he im- 
portance of staying at least one step ahead of projected 
demands As amply demonstrated in {he 1970s, the 
growth of data processing. requirements has consistently' 
far exceeded expectations, and that growth is not ex- % 
pected to slow down soon..As the capabilities of Earth- 
observing satellites and* communications systems con- 
tinue to increase, effective data management techniques 
will become even more important. * 

INTERNATIONAL COOPERATION 

It is clear that more and *iore countries, including less 
developed ones, are 'recognizing the benefits that space 
call provide. NationaKbudgets and fndustry investments 
in activities' related to space are increasing. Ad hoc ap- 
proaches to policymaking ap'd funding of space under- 
«MS$gs are giving way to 5-year, 40-year ? and longer^ 
term planning of space activity. Membership of the 
United Nations Committee on the Peaceful Uses of Outer' 
Space has nearly doubled since the committee was' es- 
tablished two decades ago. Development of independent 
national ami regional capabilities in communications, 
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Earth-observation systems, and launch "vehicles is a vis- 
ible result of growing international interest and'invest- 
ment. In addition to the United States and the U.S.S.R., 
the nations of Western Europe (individually and collec- 
tively), Canada, Japan/India, Brazil, and China all have 
, active space programs. 

While those growing -independent capabilities make 
a number of nations stronger competitors for the United 
States in a commercial sense, they also make those na- f 
tions more valuable partners for space endeavors. Thus, 
this country must ensure, in the years ahead, that it will 
be able to continue tt>compete effectively in such areas 
as satellite communications and that, in planetary ex- 
ploration, for example, it^ias the recognized expertise 
that -will encourage othefnations to seek cooperative 1 
ventures with it. 

The United States has a variety of cooperative pro- 
grams with other nations, a few of which have been 
mentioned earlier. The largest and most ambitious pro- 
gram is Spacelab, developed by, 10 European countries » 
under the management- of the European Space Agency , 
(ESA) and to the joint requirements of NASA and ESA 
users. Spacelab .will be operated by NASA. Another 1 
example is satellite-aided search and rescue. NASA is 
working witlrCanadian and French agencies to develop 
and demonstrate a satellite system that will locate ships 
and aircraft in distress by monitoring the emergency bea- 
cons they carry. The Soviets are developing a, similar 
system and have agreed to make it interoperable wrth the ' 
U.S./Canadian/French system. ' • v 

International cooperation helps the less developed coun- 
tries profit from such sp^ace activities as^communications 
and Earth observation. Planning is in process for the Second 
•United Nations Conference on the Exploration and Peaceful 
Uses of Outer Spabe (UNISPACE), scheduled for 1982. 
The first-such conference since 1968, it will focus on the 
practical benefits of space activities, particularly for the less 
developed Countries. s 

Opportunities for international cooperation and com- 
petition will increase during tht next few years,. both 
because the number of countries with space capabilities 
is increasing and because the capabilities of some oN. 
those countries are maturing. Recognition of common 
interests and global .benefits will be important to th£ 
United States in achieving the political and budgetary 
advantages of international cooperation while realizing 
the monetary rewards that can be gained by competing 
successfully. 
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. {HIGHLIGHTS 

• Two powerful technologies— recombip^ht DNA and 
hybridoma (cell fusion)— will substantially accelerate 
the pace of medical science in the 1980s. Hybridoma 
technology is expected to revolutionize the study of 
the immune system and provide new hope for the 

. treatment of serious human disoixiers. In addition to 
the medical production of hormones and vaccines, 
applications for recombinant DNA techniques exist in 

\ m0 , the agricultural, energy, and chemical industries, . 

• Cardiovascular disorders and cancer are the principal 
causes of death in, the United States today, and pre- 
vention is viewedfjas the most effective approach to 
, the control of both) Anticancer drugs, particle Aerapy, 
and radi^sensitizers shpw promise in cancer treatment. 

• Environmental factors are now recognized as having 
a significant impact on health. Research will be con- 
ducted on measuring/ the effects of toxic chemicals 

• adJ radiation on humins, with particular emphasis on* 

-analyzing dose-response relationships. 
* »• 

•Participants in toe task group developing this section included representati ves of the following 
components of the Department of Health and Human Services: the National Institutes of 
Health: the Alcohol. Drug Abuse and Mental Health Administration; the food and Drug 
Administration, the Centers for Disease Control: and the former National Center for Health 
Care Technology Representatives, of the Veterans Administration and the Nuclear Regulatory 
Cornmissjon also provided information on their health-related activities. 
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• The costs to society of mental illness and of abuse of 
such substances as alcohol, tobacco,, and drugs are 
staggering. Investigations of physioiogjical and behav- 
ioral factors associated with the causes; treatment, and 
prevention of substance abuse will be continued. • 

• For new knowledge to have practical effects, it must 
be translated into clinical applications, moved into 
community settings, and evaluated.- A broad variety 
of information transfer and technology assessment 
mechanisms are now being explored. 

• Health services research to improve the effectiveness 
and economic efficency>of the health care delivery 
system may be nee led. Particularly important is the 
evaluation of alterns itive ^£lfoery "systems. 



INTRODUCTION 

The biomedical and clinical sciences have made extraor- 
dinary contributions to the quality of life and health in 
recent decades. Lately, however, the chSnging profile 
of the burden of illness and*the stresses on a population- 
becoming ever more urban and industrialized 1 *^ faced 
with a dramatic rise in its mean age — have created special 
challenges for health science. Regulatory agencies bur- 
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dened with heavy mandates have appealed for increased 
Information. , C . 

Innovative health research planning seeks to address 
these challenges. Most recently, the health agencies of 

* the Department of Health and Human Services (HHS) 
have joined inn fo,rmal planning effort designed to in- 
troduce greater cohesiveness'in major health research 
programs. A number of high-priority research initiatives 
calling for unique Experiments ip cooperative research 
/•planning and management have resulted from this effort. 

J - An important aspect of the planning activity has been 
' to seek more orderly and productive relationships among 
the department's components ...One virtue of this broad- 
ened approach is a fusing of the boundaries between 
' \tfaditional laboratory- or clinic-oriented biomedical re- 
search and the fields of epidemiology, biostatistics, en- 

* vironmental and occupational health science, health serv- 
- icfes research, and- the behavioral and social sciences. 

Perhaps the most important planning issue confronting 
health Research planners 'is concern for the stabilization 
of the basic science component of the national health 
research, effort. Pending actions may establish a firm 
level for the number of competing investigator-inrttated 
/ grants to^e awarded. The ability of NIH and the Alcohol, 
/ Drug Abuse and Mental Healtb Administration ^ 
(ADAMHA) to fund an established number of ihvesti- ' 
gator-originated competitive research project grants will 
contribute substantially to ensuring that the Nation's 
Biomedical science base will not be eroded. 

Research project grants, however, represent only one 
element in the comprehensive approach required, to pro- 
vide a balanced program of support for health research. 
Although the science base forms the foundation from 
which new knowledge is generated, that knowledge must 
be translated into practical applications, clinical trials 
must be conducted, technology must fc£ moved into com- 
munity settings and evaluated, new scientists must be 
P ' trained, research resources must be n&intained, and cen- 
ters of excellence must be preserved, 

Highlighted below are some of the major opportunities 
and problems that will confront the health science* over 
the.next 5 years. Briefly considered are the'promise and 
thrust of science (reflected in new recombinant DNA and 
V hybridoma technologies); advances in addressing/major 
national health problems; and efforts to solve societal 
and organizational issues related' to translation and as- 
sessment of health care technologies. 

THE NEW' TECHNOLOGIES 

Unusual opportunities for advancing human health have 
emerged in the last 5 years as a result of dramatic dis- 
coveries in microbiology and immunology.. Those dis- 
coveries have generated two powerful tecfinftlogies— 

* recombinant DNA and 'hybridoma— wtiich will 



substantially accelerate the pace of medical science in 
the 1980s. Their nature and potential are briefly reviewed 
below. 

s 

RECPMBINANT DNA TECHNOLOGY 

Recombinant DNA techniques, which have -been used m 
in the laboratory to produce human insulin, growth hor- 
mone, and interferon, have now been introduced into the ^ 
marketplace. Indeed, the prospects for applying the tech- f 
niques to medicine/agriculture, energy, and other fields 
seem virtually limitless, and an aggressive infant indus- 
try has sprung up around the new technology. Potential / 
applications include production of new vaccines, control $ 
of genetic disorders, improvement of agricultural yields, 
and production of new energy soufces. The largest mar- 
kets are likely to develop in the chemical and agricultural 
industries. Thus, it has been estimated that recombinant 
DNA techniques could be applied to as much as 24 
percent of all chemical production. For the present, how- 
ever, much of the work— largely sponsored by NIH— is 
concentr&tecfr on illuminating fundamental biological 
processes. m 

NIH has been the. prime 'agency for monitoring re- 
combinant DNA research; it has done this wit^i the advice 
of an advisory committee of experts in science, law, 
education, and government. Earlier apprehensions re- 
garding the safety of recombinant DNA research, how- : t 
ever, have receded considerably, and, as a consequence, 
NIH has relaxed its guidelines. Meanwhile, such other 
Federal agencies as the Food andDrug Administration 
(FDA), the OccupationafSafety and Health Administra- 
tion (OSHAX and the Environmental Protection Agency . 
(EPA) are examining their responsibilities for monitoring 
industrial developments involving recombinant DNA. 

"Concerns have also been Expressed that basic research 
into molecular biology may ; be compromised by com- . 
.mercial exploitation, that commercial interest may in- 
" fluence the goals and nature of academic research, and 
that recombinant DNA work conducted.on a large scale' 
'would pose threats to the health and welfare of workers 
and the community. Others view commercial involve- 
ment in such new technologies as an opportunity for a 
healthy readjustment in the traditional relationship be- 
tween academia and industry. 1 ' 

t 

HYBRIDOMAS 

Hybridoma technology, which ' emerged at about the 
same time as recombinant DNA technology, also prom- 
ises to have a powerful effect on medical science. The 
technology depends on "cell fusion, " Mich brings the 
contents of two cells within a common membrane. The 
most coihmon type of hybridoma is the product of a 
r fusion between -a cancerous plasma celljjrit can contin- 
ually live and multiply outside the body and abnormal 



spleen cell that c£n produce antibodies. The bod> nat- 
urally produces antibodies against almost any foreign 
substance, but the antibody molecules tend to vary 
slightly in their specificity and other properties because 
they are produced by a variety of cells. The artificiall) 
created hybridomas create highly uniform or "mono- 
clonal" antibodies, and, by selecting the appropriate 
antibody-forming cell to use in the fusion, large quan- 
^ tities of monoclonal antibodies against a wide variety of 
selected targets can be produced Furthermore, once 
cloned to ensure homogeneity, hybridomasc^n be frozen 
for^use at a future time. Thus a useful antibodycan be 
generated in virtually unlimited amounts for indefinite 
periods of time. Commercially produced substances for 
research and diagnosis are now becoming available, and 
it is anticipated that clinicall) useful* products will 
follow 

* The availability of such antibodies is expected to rev- 
olutionize the exploration of immune processes. Molec- 
ular and cellular interactions, as well as genetic factors 
that affect immunity,^) be identified. New wav\ ma> 
be found to manipulate the immune^ system, either to 
enhance its protective powers or to suppress destructive 
immune "processes that occur in many diseases As a* 
consequence, progress should be possible in the treat- 
ment of many autoimmune disorders. Current empirical 
methods of transplantation immunology will be replaced 
by precise and quantitative methods,. enhancing the.ca- 



pability tor tissue grafting and organ transplants. FinaHyT 
the antibodies produced by hybridomas will be used as 
specific probes in fundamental investigations to examine 
the intricate nature of cellular structure and function, as 
well as the alterations that occur in disease processes. 

The emergence of hybridoma and recombinant DNA 
technologies ^oupled with' an increased understanding 
of the immune system now permits radically different 
approaches to the man) still uusolved problems of im- 
munization. Through a concerted departmentwide effort, 
HHS' is seeking to exploit these opportunities to bring 
new/ and improved vaccines rapidly into use. Emphasis 
y will be placed on development^ a few of the most 
needed vaccines, iricludjrfg those against gonorrhea, bac- 
terial meningitis, deflTal caries, hepatitis virus infections, 
infantile diarrhea, and herpes simplex infections.' 

Thus the new technology will be used to achieve mas* 
tery of the immune system, for application to infectious 
disease problems, and for treatment of other serious hu- 
man disorders. 



NATIONAL HEALTH PROBLEMS - 

The changing pattern of illness in the United States has 
poseS new challenges to our ability to achieve effective 
disease prevention and control. Whereas' infectious dis- 
eases were formerly the principal cause of* death, today 
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diseases of the cardiovascular system rank first^ and can- 
cer, which is second, has become the most feared disease 
among Americans. 2 Additionally, mental illness and sub- 
stance abuse rank first in terms of total inpatient hospital 
days and in societal cost for accidents, violence, crime, 
and family disorder. In recent years, too, the impact on 
human health of environmental » chemical, and lifestyle ' 
hazards has become more widely recognized from a dis- 
ease prevention perspectives How biomedical science is- 
approaching these and other national health problems, is 
! briefly highlighted below. 

4 

HEART DISEASE 

♦ * 

» Cardiovascular diseases npw account for roughly half of 
all deaths in the United States. They are also responsible 
1 for a heavy burden of iimess and economic loss, ranking 
first as a cause of limited activity, Social Security dis- 
ability, and hospitalization; The economic cost of car- 
diovascular disorders is estimated' to be in excess of $50 
billion annually, accounting f<)f 'oyer one third of all 
years lost to illness. \ '„ * 

Recent decades, however, have*seen a decline in the 
death rate from these disease^ s*nce 1950, cardiovas- 
cular death rates' have dropped over 35 percent, and, 
most dramatic of all/over two thirds of this decline has 
occurred in the last 10 years. Primary prevention am} 
improved medical treatment have played a-role°in the 0 
Uecline,"but the relative contribution of e^ch is unclear. 
It appears that attention to 1 risk factors and lifestyle may * 
be primarily responsible. This conclusion^ based on the 
undoubted fact that in those countries where the rates are 
declining — the United'States, FinlalfcfT Australia; and i 
Canada — active approaches to risk factor and lifestyle 
changes have been adopted. In such other cpuntries as 
Ireland, Scotland; West Germany, Denmark, and those 
^of Eastern Europe, cardiovascular cjeath rates are^ctuall^ 
increasing. Thus, the declining, mortality, appears to be 
correlated with risk-factor modificatipnyn countries c 
where such changes are' being actively encouraged. 
(Those changes include greater 'jnvolvemefit of individ- 
uals in their own health, alteration in diet, greater con-, 
cern about smoking, attention to blood pressure control, 
and a recognition, of the Importance of exercise.) 

Most scientists and public health experts .agree 'thai, 
for the future, prevention must be the main golh This 
involves educating the public and the hearth professional 
on what each can do to change lifestyletand habits and 
to find ways to help promote*behavior chAge. A need ■* 
also exists to validate such concepts as the benefit of 
lowering cholesterol, the value of nutritipnal therapy for 
hypertension, and the value of tre^fng systofic hyper- - 
tension in the elderly. InsightfulHbasic research, is also 
needed tq clarify the causes of £terioscferosis and hy- 
pertension. For example, over 90 pekent of hypertension 
cases are referred to* as "essential" because the caused 
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is unknown; until the cause is clearly determined, med- 
ical science will be unable to eliminate the high cost of 
drugs- and the potential side effects that are now asso- 
ciated with blood pressure control. 1 

Thus, future efforts, supported largely by the National 
Heart, Lung, and Blood Institute (NHLBI), will include 
more incisive research *on the cause of heart disease, 
more validation of concepts and hypotheses where con- 
, troversy exists, and more aggressive public and health- 
professional education. Such measures should lead to 
further decline in cardiovascular disease, perhaps to its 
ultimate prevention r A 

4 ^ 



CANCER 
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Prevention is also viewed as the most effective approach 
to the control of cancer, of which 7QP,000 new cases are 
diagnosed each year. However, humanitarian consider- 
ations dictate a high priority for research aimed at im- 
"joved treatment of individuals who now have or will 
have the disease. Both approaches are being pui^uedjby 
the Natipnaf Cancer Institute (MCI). 

It is now # widely acknowledged that such environ- 
mental factors as chemicals, radiatioi^ and possibly vi- 
ruses may all play a ro\e> either alone or in conjunction 
with hereditary factors, In producing the complex se- 
quence of events leading to cancer. Chemical toxicology 
and radiaritSh 'research initiatives will be brought to bear 
on.these ractdrs in the next 5 years. Epidemiologic sur- 
veys ^evaluate the risks of possible environmental haz- 
ards will be Increased. Support for nutrition research will 
; also be emphasized, with focus on foods and nutritional 
V intake that might be related to the occurrence or devel- 
opment of cancer in man. Research on smoking and 
health will aim toJreduce t6bacco-related cancers. 
*' , Research in cancer biology* has high priority in NCI 
programs, for new, basic inforination about the nature 
.^b£ cancer is the. foundation for 2dj other research, de- 
velopment, and control altivities..New hybricloma tech- 
nology in particular is befyig exploited to enhance un- 
derstanding- of cancer cau&tiori. This technology may 
permit scientists to detect cancer at a very e^ly stage. 
Because the body's immune system is exquisitely sen- 
sitive, hybridoma technology ei^bles scientists to label 
cancer cells anywhere in the body. It has already been 
demonstrated that monoctopal antibodies labeled with 
radioactive iodine can be used to test 'for' the presence* 
of cancer cells hi mice. The high spe£i?icit} oftiie mon-< 
oclonal antibodies should permit scientists to kill cancer 
cells directly by means of radioactive substance^or toxic 
. chemicals attached to the antibodies. Thus, hybridoma 
technology holds considerable pfomiss for cancertfierapy. 

Recombinant DNA techniques now allow single genes 
from such higher organisms as humans to be separated 
and inserted into bacteria, where they are reproduced as 
' {hough* they were bacterial genes. Because bacteria re- 



produce. so^ quickly, "many copies of the gene and its 
protein product can be 1 created. These techniques were 
recently used by a team of scientists to produce human 
interferon. Gene splicing is also an important tool for 
exploring the genetics of cancer cells. 1 
NCI is presently developing anticancer drugs that are 
' less toxic to normal cells than conventional chemother- 
apy agents. Two avenues are being explored: second ^ 
generation drugs and biological response modifiers. Sec- » 
ond generation drugs are chemical cousins of conven- 
tional anticancer drugs but have fewer side effects. ■* 
Aclacinomycin A is an analogue of -the very active drug 
• Adriamycin. Unlike Adriamycin, it dpes not cause hair 
' loss or damage to heart -muscles, and it is now being 
used in clinical trials in the United States. Biological 
response modifiers are substances, such as interferon, 
that may alter the body's immunological response to » 
cancer. Because of the nature of those substances and 
their action on the host rather than on the tumor, they 
may be less toxic ttian conventional chemotherapy. 

Development of particle therapy for the treatment of 
cancer is also an important project for the 1980s. This 
is a high energy form of radiation therapy that appears 
to be more selective in killing cancer cells and more 
sparing of # normal cells. Three facilities for neutron ther- 
apy, one form of particle therapy , will be supported with 
NCI furrds during the 1980s. ' % j 

In the treatment of cancer, it has been noted that r 
oxygen-deficient cells in are* of tumors where the blood 
supply is poor are resistant to X-rays. Radiosensitizers ^ 
are a-group of drugs, that mimic the effect of Qxygef? and 
can sensitize cancer cells to radiation effects ^ Such drugs i 
are now being tested. Animal studies in the United States 
, arid in England have proved that such compounds as the 
nitroiniidazoles can make tumorS more sensitive to sub- 
sequent irradiation. Misonidazole, currently under de- ^ 
velopment byHoffman-LaRoche, is one of the radio- 
sensitizers being 'tested in NCI-supported clinical trials. 

One of the best -measures of progress in the treatment 
of cancer is the improved outlcyk for young' adults and 
children in whom the disease is, diagnosed. New tech-^ 
nologies' applied to treating acute childhood leukemic 
and Hodgkin's disease 'have resulted in a substantial de- 
cline in the national cancer death rate for persons under 
age 35. Development of such'ifcw approaches and drugs 
•as those cited above -should further improve treatment 
of cancer in the^next 5 years. \ - a 



f ENVIRONMENTAL FAGt6r$ 

The impact on health ofthe; chemical and-physical Char- i 
acteri^tics of the human environment is now. widely ap- K < 
precised. It is possible to trace some huifoan diseases 
v v directly to chemical and radiological exposure and to ^ 
other environmental contaminants. Cohfronting those 



hazards is extremely difficult because of the need to' 
determine socially acceptable levels of risk, ultimately 1 
a matter of values. Furthermore, the long-range eco- 
nomic and social costs involved in enforcing regulations 
to reduce contaminants £elaw certain acceptable levels 
also need to be considered. Greater recognition of en- 
vironmental factors as causes of disease has inspired two 
important initiatives whose impact should be felt in- 
creasingly in the next few years. They address important 
health problems posed by chemical toxicology and . 
radiation. 

v 

Chemical Toxicology f ■> , , 

Chemical contamination of the human environment has 
increased substantially over recent decades, a conse- 

* quence of Vapid industrial and technological change. The 
complex U.S. chemical industry, foj; example, now in- 
troduces approximately 500 new chemicals intocom- 

' merce each year. Such tragic incidents as the^poisoning 
- of workers at Hopewell, Virginia, by Kepone and the V 
poisoning of humans and livestock^ Michigan by poly- 
brominated biphenyls (PBBs) dramatically emphasize 
tlfe potential for harm posed by chemical pollutants." 
Tftore recently, the identification of a large number of 
, chemical waste dumps has added urgency to the 
for scientific information that identifies and characterizes 
those*chemicals in the environment that are potentially 
toxfc to humans.* „ 

The National Toxicology Program (NTPJ is designee 
to strengthen the Federal Government's activities in test- 
ing those chemicals of' public health concern. The pro- 
's gram composes the relevant activities of the National 
, Institute of Environmental Health Sciences (NIEHS), 
Food and Drug Administration (FDA), National Institute 
for Occupational Safety and Health (NIOSH), Centers 
forDisease Control (CDC), and NCI. Also participating 
in the program are EPA, OSHA, and the ConsumerProd- 

* uct Safety Commission (CPSC). NIOSH has assumed 
a key role in research related to control' of occupational 
hazards, considered to be among the most importapt of* 
toxicological problems. c * * 

Specific 9bjectives of NTP are to increase the rate 6f 
chemical testing, expand the toxicology profiles of se- 
lected ohemicals, develop and validate a series of tests 
aAd^protocolsjnore- appropriate to regulatory needs, and 
disseminate newly developed toxicological information. 
The program brings together a unigpe mix of resources 
to support its' toxicology research and testing functions. 
Its components provide essential scientific expertise in 
general toxicology, mutagenesis, and* carcinogenesis; 

* extensive laboratory facilities and animal testing skills; 
and broad experienced conducting carcinogen bioa^ays 
and human epidemiologic studies. Th§ National Library 

. of Medici ne'sTOXLINE and CHEMLINE computerized 
information systems support the program. 
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Radiation 

Widespread use of radiation in medicine* and 'industry, 
growing dependence on nuclear energy, and an increase 
in terrestrial' radioactivity resulting from the mining of 
uranium have heightened public concern about the health 
hazards posed by radiation. The perception has also 
grown that the weapons testing program of the 1950s 
and 1960s may have had detrimental health effects. Fur- 
ther, the Three Mile Island accident at Harrisburg, Penn- 
sylvania, has raised fears of potentially more catastrophic 
occurrences in the future. " . 

In June 1981', afi Intjjgency Radiatiort Research 
Committee submitted to Cojigrefcs a comprehensive Fed- 
eral strategy for research into the biological effects of 
ionizing radiation, as required by Public Law 95-622. 
The strategy is aimed at determining, to the extent pos- 
sible, accurate dose-ttsponse relationships foY all adverse 
human health effects resulting from exposure to any type 
of ionfting radiation, as well as improving the qualitative 
and quantitative measurements of actual Radiation ex- 
posure. Possible approaches may include integration of. 
basic studies in radiation chemistry with those in radia- 
tion biology, research into the basic mechanisms of car- 
cinogenesis, research on ways to separate and measure 
human gen& products to allow for .rapid screening of 
populations for genetic defects, and possible epidemio- 
logical studies of aH populations exposed to harmful' 
ionizing radiation. , ~ 

( 

HEALTH AND BEHAVIOR 

Mental illness and substance abuse are'among the health 
problems causing the greatest concern in recent years. 
Cbmpared to other disease categories, these rank first in 
total hospital inpatient days. By any standard, the overall 
costs to society of such illnesses are staggering, espe- «■ 
cially if one adds to the cost of treatment-days in psy- < 
^chiatric institutions the costs in morbidity antf rrifortality 
due to tobacco .smoking, and the societal costs of acci- 
dents, poisoning, violence, antf crime that are frequently 
associated with alcohol, drug abuse, or mental disorders. 

Investigation of the factors associated withjhe causes, 
treatment, and prevention of substance abuse and mental 
disorders is the particular charge of the Alcohol, Drug L 
'Abuse^and Mental Health Administration (ADAMHA). 
The Veterans Adminis'tration (VA) has a substantive in- 
terest inresearch in this field* since 40 percent of hos- 
pital izecTveterans have a diagnosis of alcoholism or a 
psychiatric disorder. 

Much, of the research supported by ADAMHA is basic, 
seeking to uncover the underlying mechanisms for the 
development of mental disofders and substance abuse. 
Investigations of the neurobiology of euphoria and dys- 
phoria, developmental neurobiology, and the role of en- 
dorphins, for example, are being pursued vigorously. 
Studies of the structure-function relationships in^he brain 
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present a unique opportunity for major advances in the 
understanding of behavior. Thus, it has been hypothe- 
sized that certain forms of behavior, for example, sub-*] 
stance abuse, dan be viewed as attempts by the organism^ 
to correct a basic chemical imbalance. This has enormous , 
implications for research on drug abuse, pain and an- 
algesia, and mood disorders. Progress depends on the 
development of new methodology to address s,ucKques- 
tidrts'at a neurobiological and cellular level, but, activity 
in the field is intense, and rapid (Jeveloprttent may J>e t 
expected. 

* In the coming years, ADAMHA will support inves- 
tigations into the behavioral factors antecedent to illness . 

\(e.g., psychopathological processes, personality, behav- 
iors, habits, environment), the behavioral factors re- 
sulting from illness (e.g., depression, 1 ^motivational 
syndrome"), and the behavioral techniques designed 'to 
prevent, alter the course of, or treat illness (e".g., psy- 
chotherapy, behavior modification, biofeedback). In par- 
ticular there will be:- 

■ (lKResearch to better' define schizophrenia, clinical in- 
vestigations of *he Biological factors associated wittf" 
7it, geneti& studies to disentangle ^inherited 6 factors, 
"^^and envelopment of new antipsychotic drugs with. 
*fewef-eMhe .disabling side effects jjhis Research 
'priohty-is shared by, the VA sy^srfL ^here 3(f per- 

* "cent of the^ hospj&l beds* ai^&ccujri^by^ w 

schizophrenics);/ u # " * ^\ 

(2) Deterftiination^f risk facfo/s M^^ssiofc, includ- 
ing the influence of psychosocial apff'spci^Sbnbnrfc ^ 
sires's (in a related priority area, tfie V£ is amuc^^ 
research on the delayed effects of the str§|? ofw 
and its bearing on the quality of Tift of 'Vietnam 

- veterans, who often mask tlje problem with drugs, ( 
alcohol, or antisocial behavior); • e 

(3) Studies of the physiological and behavioral aspects 
< of fear and the nature and causes^of sev&e* anxiety; 

(4^tudiesof the aging process and its effect on memory 
»aSB function, and the causes of senile dementias; 
and <«=<v^ 

(5) Investigation of the effects of changing family struc- 
ture in the United States on individual well-teing. 

Alcoholism ^ 
Alcojiolism and alcohol-related problems afflict about 
7 percent of U.S. adults and 19 perc&nt of teenagers. In 
economicaerrre, alcoholism costs about $43 billion an- 
nually, ami, in'societal terms, it is associated with half 
of the traffic deaths, half of the homicides, and on6 third 
of the suicides. Among offenders in prison/83 percent 
report alcohol as a factor in their crimes. Added to that t 
arertie costs of child and spouse abuse, aggressive be- 
haviors, disrupted family life,. impaired adolesce nt„ de- . 
t velopmental processes, fetal defects, cirrhosis, apd other 

* alcohol-related health problems. The National institute ' 



on AlcohoJ Abuse ancf Alcoholism (NIAAA), in coop- 
eration with N1H, will establish an intensive, investiga- 
tive clinical program to focus on the pathological con- 
comitants of alcohol use. Additio^ly, NIAAA and NJH 
will fund investigations of the genetic basis for diffef- 
ential vulnerability to the effects of alcohol, studies of 
the metkbolic pathways of alcohol, investigations of the 
vulnerability of various organs to the toxic effects of 
alcohol, and the development of diagnostic and treatment 
techniques relevant to alctfhol-relatedyproblems. 

A major constraint in alcohol stucU^s^s^ee^tfie 
development of the necessary animal models. Thesis 
a need for animals that, like man, exhibh a preference 
for ethanol-containing solutions (normal laboratory an- 
imals avoid ethanol). A s s«ri type of mochd is heeded 
to study the physical, njpbolic, and psychological 
changes^associated w'ith long-term heavy alcohol use. 
'Finally, there is 3 need for development of -ah animal 
model to study genetic factors in relation t^alcohol use. 
Such a model is critical- to correlation of alcoholWelated m 
differences with biochemical or physiological variables 
in elucidating the mechanism of alcohol action. 1 

In a related program, the ,VA is investigating thQ 
causes and treatment of alcoholism. The program pre- 
sents an ideal opportunity to attack a major health\prob- 
lem of veterans while performing basic research on the 
.cause's and pathogenesis of the disease. Consultation 
, \#ith afcoholism experts indicates that study of genetic 
" predisposition and biochemical factors offers the greatest 
prospect for advancing knowledge on the subject. 

Tobacca 

* Cigarette smoking involves one third of the national pop- 
ulation ailtl leads 4o 300^00 deaths each year. The Na- 
tional institute on Drug Ai^use (NIDA) has recently in- 
itiated a program that*seeks to further our-undefstanding 
"of the causes and basic mechanisms if nicotine depend- 

\e,nce*and withdrawal and to increase effectiveness in the 
0 treatment of this public health problem. Specifically, 
research is planned on ttfe bipmedicair psychological, 
and social factors that predispose many,J)ut not all, 
individuals tcxexperiment with cigarette smoking. The 
program will investigate possible genetic factors influ- 
encing an individual's response to nicptine, the role-of 
.hypothesized nicotine receptors m predisposing a person 
to nicotine dependence, personality variables causally 

* related to.cigarette spioking, the roles that social or ethnic 
- class and peer groups play injthe initiation of smoking 

behavior, and' behavioral^ and conditioning factors that 
influence the acquisition," maintenance, and discontinu- 
ance of tobacco smoking. ^ ^ 

Little is known about the basic'physiologicaUnd psy- 
chological effects of* nicotine dependence and with- 
drawal. Further research is planned on the sites of action 
of nicotine in the central nervous system, the mechanism 
by which nicotine e'xerts its reinforcing effects, cessation 
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of cigarette smoking, the existencg^of an endogenous 
nicotine-like substance in the brain, and the possible 
existence or creation of a nicotine antagonist. / 

Finally, there is sgme indication that if may be as 
difficult to stop smoking as to stop self-admihistration 
' of opiates. Research on n^w techniques to help individ- 
uals reduce or eliminate tobacco smoking will be de- 
veloped. Particular opportunities existin behavior mod- 
ification techniques, in educational programs to change 
public attitudes toward smoking, afcd in pharmacological 
, therapies that replacfc cigarette smoking with other, less 
harmful -behaviors. 

Drug Abuse \— — 

The increasing use of marijuana and other illicit drugs 
in the U.S: population is one of the most striking m- 
t stances of social change in the last decade. The propor- 
tion of young adults 18 to 25 years of age who have ever 
experimented -with manjuana has dramatically increased 
from 4 percent in 1962 to 68 percent in 1980; the pro- 
portion w.ho have trifcd illicit drugs other than manjuana*, 
in that same period increased from 3 percent to 33 
percent. 

Studies are plajined^to explore the psychological and' 
physiological consequences of marijuana use in adoles- 
cents (effect on learning, "amotivational syndrome," 
effect on social development , effect on hormonal balance 
and ,f ' sexual maturation) and to investigate the steps in- 
volved in. the development -of drug-using behavior. In 
addition, studies are needed to determine the interactive 
effects of alcohol with other drugs, especially marijuana; 
the implications of drug use in women of reproductive 
age; the relative carcinogenicity of marijuana artd to- 
bacco smoke; the neurological effects of inhalant abuse; 
and the development of new drugs for the treatntent of 
opiate addiction. 

There are theorejjcal reasons to brieve that the neural 
'bases-sf such behaviors as drug abuse, alcoholism, and 
cigarette smoking may involve a common mechanism. 
- The National Institute on Drug Abuse, in cooperation 
with other ADAMHA institutes, will undertake inves- 
tigations of such cdmpulsive behaviors; and their under- 
lying* mechanisms, including investigations to-identify 
commonalities .between tolenjpee to drugs and habit for-" 
mathafi, withdrawal, and behavioral extinction. 

OTHER SCIENTIFIC OPPORTUNITIES *** ? 

The years ahead present unusual opportunities- for prog- 
ress in biomedical science. Investigations in several 
fields— genetics, immunology, and molecular and cell* 
biology— are moving forward rapidly; these ..areas are 
basic to our understanding of virtually 'all disease proc- 
; - m esses. The neuroscierices ; with their enormous potential 
• for contributing to physical and mental well-being, are 
also considered promising. Yet ^.fundamental science 
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bases needed to solve major national health problems are 
exceedingly complex; their^mastery will require assid- 
uous and continuing effort. However, promising oppor- 
tunities, such as those highlighted below, will be fully 
exploited. * v 

• «. 

• The Neurosciences— Expanding technical and theo- 
retical advances now permit progress in research on 

. nervous system regeneration. In'divijtoal nervous sys- 
tem components now Can be grown in tesf tubes, hold- 
ing promise for selective implantation in humans s 

• Hormone Action— Progress in this promising and pro^ 
vocative area of science, in which new significant 
findings are rapidly developing, is likely to cojitribute 
in the most Critical way to the management of sucfi 
major diseases as diabetes and other hormone-induced 
malignancies. 

• Diabetes— Scientists have developed a procedure for 
the successful t^nsplantation of insulin-producing 
pancreatic islet cells from one animal species to an- 
other.' While this interspecies transplant is a unique 
experimental achievement, it' is only a first step in 
possible future applications -to humans. Other ad- 

^ vances include the establishment of a causal link be-* 
tween a specific virus and juvenile diabetes, opening 
up the possibility of developing a vaccine; identifi- 
, cation of genetic markers in diabetics, suggesting that* 
victims may someday be discovered before the disease 
develops; and elucidation of the mechanisms-sugar 
cataract formation in diabetic animals ar^a develop- 
ment of "inhibitor" to delay the cataract-formation 
process. / • * ~ 

• Senile Dementias— Recent discoveries in brain chem- 
istry and cellular" and molecular biology and appli- 
cations of sucH new technologies as computer-assisted 
tomography (CAT) and positron-emission transaxial 
tomography (PETT) should further augment our 
knowledge of these disorders, particularly Alz- 
heimer'? disease. A ffesearch initiative in HHS now 

^ brings together for the 'first .time tlje resources of sev- 
eral agencies to increase the base -of fundamental . 
knowledge about senile dementias. j 

• Dental Research— A new class of molecules respon- 
sible for binding cells in place in th|ir tissues has been 
identified. These molecules, called "nectins," offer 

. a promising area.of study which may ultimately*con- 
tribute to treatment of damaged tissues and to artificial 
implants. A major effort will be directed toward de- 
velopment of an effective vaccine against dental 

v caries,. 

TECHNOLOGY TRANSFER AND ASSESSMENT 

For new knowledge to have practical effects, it must be 

* translate^' into clinical applications, moved*fnto com- 
munity settings, ancl evaluated-. The National Library of 
Medicine (NLM) serves as a critical national resource 
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igr transfer of biomedical information to scientists and ' 
practitioners active in research, education, and^fcalth 
care delivery. To facilitate the transfer, the Lister Hill 
National Center for Biomedical Communications (the 
research and development component of NLM) performs 
research v on the organiz^ioil, dissemination, and utili-* 
zation of biomedical information and designs prototype 
information systems. Several Federal. agencies, includ- 
ing N1H, FDA, CDC, and ADAMHA, have responsi- 
bilities pertaining to the assessment of health care , 
technologies. ( 

INFORMATION TRANSFER p 

Over the ne*t 5 years, the Lister Hill National Center 
for Biomedical Communications will explore innovative 
approaches to the transfer of information to the practi- 
tioner, develop additional applications of minicomputer/ 
microprocessing to library automation, and teff videodisc 
applications for storage and retrievafof digital and audio- 
visual information. All of these efforts recognize that the 
phenomenarincrease.in knowledge about health and 
medicine requires vigorous research into principles and 
processes of the information sciences that are unique to 
or 'characteristic of the field of medicine and health 
services, . w-* 

An example of innovative transfer is the "Knowledge 
Base Program" at Liste; Hill. Here knowledge is syn- 
thesized to forma package on a particular subject for use 
by a specified 1 audience, for instance, medical practi- 
tioners. A prototype of the system, applied to the field 
of viral hepatitis, was established in 1977 and, has been 
subsequently refined. That experience has demonstrated 
the feasibility of the concept. 

The center also conducts research to improve'the^an- ^ 
ner in which biomedical libraries are used as well as to 
create wholly' new and innovative information transfer 
systems. Areas of research opportunity, including de- 
velopment of both formal and informal channels of com- 
munication and expanded use of advanced computer; 
electronic, and multimedia technologies, have been iden- 
tified by NlH^and other agencies. 

TECHNOLOGY ASSESSMENT , 

A "technology assessment" is a form of policy analysis 
and research" aimed'at determining the various impacts 
of. a particular technology, so as to identify possible 
alternatives and technical choices. The NIH Office for 
Medical Applications of Research (OMAR) has respon- 
sibilities for such assessments. 



NIH Consensus Development Conferences, which 
bring together recognized experts, practitioners, and the 
public, focus primarily on the medical and scientific 
aspects (e.g., safety and efficacy) of particular high- 
priority medical procedures, devices, and drugs and may 
also take into consideration the value and proper utili- . 
zation of those technologies. During the next 5 years, 
such assessments will review promising and/or problem- 
atical medical interventions in cancer, neurology, car- 
diology/allergy, dental research, and other disciplines 
that fall within thcpurview of NIH. 



. HEALTH SERVICES-RESEARCH 

Health services research is needed to improve the effec- 
tiveness and economic efficiency of o\ir health care de- 
livery system* at all/levels. A primary focus oHiealth 
services research and development is to proVide^hrough 
policy analysis and careful evaluation of program cost- 
effectiveness, systematic guidance to responsible health 
officials for selecting among clear-cut alternative pro- 
grams. This is particularly important where there are 
large, innovative alternative health care delivery pro- 
grams that may affect a significant proportion of the 
Nation 1 s'populatioiu Thus, oyer the next 5 years, more 
emphasis will be placed'on ways to raise health status 
through research on societal and organizational problems 
affecting the "efficient delivery of health services. The 
primary responsibility for supporting and coordinating 
such research rests with the National Center for Health 
Services Research. In addition, the VA has recently de- 
veloped a progtanx to improve health care services for 
vetefans. 

-Among health services issues to be addressed in the 
coming years are current patterns of health care expend- 
itures (including rapidly rising hospital costs); alterna- 
tives to costly, long-term^ institutional care for the el- 
derly; expanded.use of paramedical personnel, and wider 

. use of computers in health care. 
' The increasing ability of individuals to take an active 
role in ensuring and maintaining their health Status and 
their increasing interest in doing so have been recognized 
in health care programs-. Individuals can and do share 

•'with providers the responsibility for decisions abdut 

, health care. However,, it is* believed that more emphasis 
should be placed on fcksic lifestyles that are health pro- 
motii^. A special HHS initiative will strengthen the de- 

• partment's acuities aimed at encouraging greater par- 
ticipation of 'individuals in their primary health c^re. % 
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• 1. Science. Vol.,208. May 16, 1980. pp. 688-692. 

2. Infcctious diseascs rank behind these, but as a group are still a 
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major cause of illness, ■incurring large socioeconomic costs and placing 
a 'major burden on the health care system. 
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• The United States does not know beyoftd rough esti- 
mates the full extenLof its mineral values, or its oil, 
gas, andhoi] shale reserves, tar sands, or geothermal 
capabilities. Federal lands, and waters nee3 to be in- 
ventoried to determin^ the quantities of energy re- 
sources existing there. 

• As oil and gas prices increase, the U.S: ecbnbmy.will 
' shift from' oil and gas' to a broader tmgs/of energy 

supply options. In the process, a range of changes in 
our; scientific and technological prograjns will be 
^ made, both by the Government and by the private 
sector-, during the next 5 years v 

• Market forces will provide an incentive for ^intensive 
efforts' tp ensure an adequate supply of liquid fuels 
through increased exploration, development, use of 
efthancetf oil recovery techniques, and production of 
-synthetic and other liquid tfuels^ . 

• Efforts will be made to increase supplies of gas 
- through aggressive 'exploration, extraction of com- 
mercially viable supplies frbm unconventional souxc^, 
improvements in coal gasification technology, and 

• Participants a the task group developing this section included representatives of the De. 
partment of Energy, the Depigment of the interior, the Department of State, the Environmental 
Protection Agency, the Nuclear Regulatory Commission, and the National Aeronautics and 
^pace Adrninistration> * h% % - . 



continued negotiations to- procure suppflertlental gas , ; 
Supplies from other countries at reasonable prices, * *~ 

• Long-range.R&D activities will focu§ on ^cquiriiig a" 
technological base necessary for, industry to exploit 
the Nation's vast coal resources. 

• In nuclear energy R&D, work will continue to improve 
efficiency, safety, and other characteristics of the 
widely used light water reactor system, and develop - 
such augmentation or follow-on sources as thq breeder 
reactor and technologies for the disposal of radioactive 
waste. * - 

• Large-sckle deployment of new energy sources and - 
their integrationinto existing supply systems will re- 
quire more -flexible distribution systems. 

• Market forces will bring renewable energy technolo-- 
gies into use as they become economical^Research 
will continue on the technical and environmental as- 
pects'of biomass, geothermal, w^ind, solar, and other 

' energy supply enhancement options. < 

• Rising energy costs and a range of Federal actions will 
foster more efficient use of energy in agriculture, trans-* 
portation, industry, commerce, government, and 
resicfences. . • 

• Continued attention Will be devoted to basic research, 
as an underlying foundation for such new energy tech- 
nologies as .fusion. 
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INTRODUCTION * , 

The United States developed economically in an envi- 
ronment that included readily available and relatively 
inexpensive energy supplies. With the oil embargo of 
1973 and the subsequent rapid increase in the cost of 
imported oil, there began a growing national awareness 
of thd vulnerability of the United States to potentially 
Unstable world oil supplies.- Its position as a world power 
gives the United States a vital stake in the economics 
and energy supplies of other free world countries* 

Growth' in consumption of energy in the United States m 
is moderating significantly as conservation measures « 
brought on by higher prices begin to take effect (Figure 
1). The challenge ahead is to provide a he'althy economy 
and policy environment to makfe rational energy pro-, 
duction and consumption decisions that reflect the true 
value of the Nation's resources. This" is departing from 
the policy in 1 973 and 1 974 in which regulatory emph^sis^J 
was overwhelming. 

Recent Department of Energy (DOE) forecasts of U.S. 
economic growth have dropped substantially; as a result, 



1990, well below the two percent per year forecast less. 
than-2 years'^ (Figure 2). Tgtal domestic energy pro- 
duction in 1990 also is expected to b$ lower than pro- 
jected earlier, at least partially because of delays in tfce ^ 
completion of nucleaTpower plants. 

Although overaO.S. demand fc>r energy is projected 
to increase slowly, the mix of source's and uses is ex- 
pected to change considerably in the next decade (Figure 
3). Oil, which met 43 percent of US. energy needs iir 
1979, is expected to meet only about35 percent in 1990. 
Coal use would increase from 19 percent to 27 percent' 
of total energy use, with smaller increases in nuclear 
power and renewable resources. 1 Conservation would 
permit overall energy use in the. residential and com- 
merclaHectors to remain about the same. Use of energy 
for transportation would decline significantly, and the 
industrial sector will continue the trend toward increas- 
ingly efficient energy use. 

The U.S. energy policy intfie past relied to a large 
extent on Federal interventio^and, attempted to protect 
U.S. consumers from rife reality of higher world, oil 
economic growth have dropped substantially; as a result, prices: This Administration's ^formulation of Federal 
I overall Jergy consumption, is projected to grow at Cycles affecting energy is part of 
slightly more than one percent per year 'from 1979' to prehensive Program for Economic Recovery, which in- 
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Figure 2. U.S. Energy Production and Consumption to 1990 (Best Estimate Case) * 

Source DOE. Notice of Public Hearings and Staff Working Paper Public Discussion Package for the Third National Energ> Plan. DOEPE-0022 March, +981 
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Figure 3. Projected U.S. Energy Sources and Uses in 1990 (In Millions of Barrels Per Day of Oil Equivalent — MMBDOE). 

Source* 4 DOE, Notice of Public Hearings and Staff Working Paper Public Discussion Paclage for the Third National Energy-Plan, DOE/PE-0022. March. 1981. 
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eludes ^elimination of excessive Federal spending and 
taxes, regulatory relief, and a sound monetary policy. 
In the case of energy-related Ff&D, Federal spending 
will be considered only fn those promising area's of en- 
ergy production 0 and use where the private sector is un- 
likely t0 invest. With respect to innovation, history of 
venture capital shows that risk taking will always -be 
done privatfely when financial resources are available — 
in the hope of greater financial gains. Hence, collective 
judgment of properly motivated technical innovators, 
businessmen, and consumers is generally superior to any 
form of centralized programming. 

Federal support will continue- for long-term generic 
and technology base research with high'risks but poten- 
tially high payoffs. However, public funds will not be 
used to accelerate private sector development of new 
technologies or to directly subsidize domestic energy 
production or conservation, since this will buy little in 
additional security and tends to divert capital, workers, 
and initiative from uses that contribute more to society 
and the economy. 

Government and industry efforts to ensure adequate 
future energy supplies include: 

(1) Emphasizing research and development geared to- 
ward longer term, high-risk efforts to expand all 
domestic energy supplies — both conventional and 
nonconventional — for dispensed and centralized ap- 
plications; and to provide technologies for conserv- 
ing energy use; ' 

(2) Immediately decontrolling domestic oil prices to re- 
duce oil imports as much as possible. 

(3) Greatly increasing domestic (and', wheri possible, 
foreign) exploration for new oil and gas; 

(4) Taking action to stimulate the use of coal, oil shale, 
nuclear,*fcnd renewable fyels; 

(5) Increasing the size of the U.S. Strategic Petroleum 
Reserve; ♦ - 

(6) Increasing the rate at which more abundant fuels are 
substituted for scarce fuels, and integrating alter- 
native renewable energy sources into the national 
energy system; 

(7) Addressing environmental and safety impacts of fos- 
* sil energy resource production, transport, conver- 
sion, and usage; 

4 (8) Balancing various energy initiatives so that required 
energy is available a!%ealistic market cost to the 
user; and ^ % 

(9) Reducing the, ratio ofifenergy growth to Gross Na- 
tional Product (GNP) growth to below 0.5 through 
delinking economic growth from energy consump- 
tion without restricting lifestyles of U.S. citizens. 

Moving from discussion of this new Federal energy 
policy perspective, the remainder of this section will 
examine the outlook for ways that S&T is likely to in- 
teract with currenf-and emerging national energy issues. 



FOSSIL ENERGY SCIENCE AND TECHNOLOGY 

Fossil energy R&D efforts will include emphasis upon, 
the problems associated with commercial production of 
synthetic fuels, as well as development of technologies 
that will lead to increased recovery and production of 
fossil fuels from both conventional and nonconventional 
sourc*s*4t has been variously estimated that economi* 
cally recoverable oil reserves in the United States will 

^be exhausted within 3t) to 100 years— depending upon 
usage levels, new exploration success rates, and other 
aspects. However, the to^l domestic fossil energy re- 
source base, including coal, oil shale, tar sands, and gas, 
is extensive, and considerable appropriate technology is 
available or capable of being developed tq use those 
sources to produce useful energy. 

Table 1 displays the estimated fossil energy resource 
potential. It illustrate^ a range of geologic uncertainties 
about the recovery of unconventional gas and enhanced 
oil, and it shows that the Nation's most abundant re- 
source is coal rather than the liquid or gaseous forms of 
energy currently most in demand. However, industrial 

- technologies are expected to evolve that can produce 
heat or steam for electrical or production processes, thus, 
facilitating shifts to coal where economic, environmen- 
tal, and other potentially constraining forces can be man- 
aged effectively. In the transport sector, in mobile equip- 
ment, and in many stationary situations where coal is 
not practical (due to space limitations, environmental 
regulations; economics of the industrial process, etc.) 
continued use of liquids or gas is anticipated, but those 
fuels wilt begin to be produced from coal and perhaps 
oil shale. 

In the United States, market conditions to stimulate 
increased exploration and domestic production from fos- 
sil energy resources now exist, particularly since oil 
prices have been decontrolled and the Administration 
. has made efforts to improve the economic investment 
climate through regulatory and tax reforms. 

LIQUID FUELS SCIENCE AND TECHNOLOGY 

For the foreseeable future , the Nation and the world must 
have an ensured, adequate supply of liquid fuels. To 
tneet that need in the United States, we can expect con- 
tinued efforts by the private sector to increase exploration 
for extractable petroleum and to develop alternative liq- 
uid fuel sources from coal, gas, and biomass. 

Oil Explosion 

Until economically competitive, alternative energy sources 
are developed to supplement declining oil and gas re- 
sources, exploration for new gas and oil resources must 
be intensified. While the probability of finding major 
new resources is a controversial topic among oil experts, 
some prominent, successful explorationists have stated 
that there is an excellent chance of finding new fields. 
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Table 1 — Estimated Domestic Fossil Energy Total Resources and 
Recoverable Resources 

Billions of Barrels Oil 
Equivalent 

# 

# Estimated Estimated 

Total Recoverable 
Resources 1 * Resources 2 

Conventional Oil and Gas J * { 

Oil—Reserves (incl. inferred) 57 

.Undiscovered < . 50-127 

Subtotal * 107-184 

Gas— Reserves (incl. inferred) «. 59 

Undiscovered 47-95 

Subtotal' < 9 106-154 

Coal 4 

Reserves 1 ,600 900 

Inferred and Thin Seams 4.500 1,300-2.300 

Subtotal 6,100 2.20O-3.20O 

Oil Shale 3 

25 gal/ton or greater # 600 250-350 

15-25 gal/ton 9 ' MO 150-250 

Subtotal , 1.00O* 400-600 

Unconventional 6il & Gas 
Enhanced Oil Recovery 6 

Light Oil * 230 8-30 

Heavy Oil 74 10-22 

Subtotal 304 18-52 

Unconventional Gas 7 «, 

"Tight Gas 56-140 14-70 

. Devonian Shale 28-280 3-10 

Coal-bed Methane w 40-100 1-13 

Subtotal 124-520 18-93 

1 Estimated resources m-plict. only a portion of which are technically recoverable and a still 
smaller portion economically recoverable « 

2 Estimated recoverable resources' based upon technology and economics assumed The com- \ 
tuition of these two factors is frequently expVessed as an estimated recovery factor 

3 Reserves and. range of undiscovered recoverable resources based on USGS Circular 725 

4 Reserves figure based on 0 6 recovery factor for resources in-place of 438 billion tons 
Inferred and thin seams figure based on recovery factor 0 3-0 5 for inferred resources plus 
identified resources in thin beds and from 1 .000 to 3.000 feetdeep. undiscovered Hypothetical 
resources excluded. 

5 Recovery factor of 0,4-0 6 assumed 

6 Excludes estimated 30-45 billion barrels bf domestic tar sands, of which about 10 percent 
is thought to be amenable to recovery through surface miffing, and the portion of the remaining 
undiscovered oil which could be recovered through EOR ' 

7 Excludes teopressured methane which, although a fossil energy resource, is not part of the 
DOE Fossil Energy Plan 

f 

Source. Fossil Energy Policy & Strategy Fiscal Years 1982-1986 



Some believe, that giant fields will be found Jn strati- 
graphic,'* Unconformity-associated,** and paleogeo- 
morphic traps*** in all prospective basins, with about 
30 percent of all future finds coming from mature, pro- 
ducing,, and developing areas. 2 Until 1977, 93 percent 
of the world's oil wells were drilled In three countries 



♦Stratignphic — The order and relative position of the strata of the earth's crust 
••Unconformity -associated — A lack of continuity between groups of stratified rocks in con- 
tact, indicative of a gap in the stratigraphic record " , 
•••PaJeojeomorphK traps — Of or pertaining to the configuration of the earth in some given 
time in past earth history. (Where oil may be found) 
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(U.S.S.R., Canada, and the United States), an area rep- 
resenting only. about 37 percent of the world's prospec- 
tive oil and gas areas. Thus, more geological and geo- 
physical exploration and a significant increase in drilling 
activity are needed in the 600 prospective sedimentary 
basins of the world. 

; At present, about 200 of the world's basins in harsh 
locations are essentially unexplored; however, such bas- 
ins may not evolve into commercially viable operations, 
even wjth^exploratory success. Numerous new territo- 
ries, especially the Outer Continental Sh^lf of the Alas- 
kan north slope,^are key locations where main fields will % 
be sought. Unresolved environmental issues have some- 
• what slowed the exploration and development of new 
regions, and the difficulty of operating in many of the 
• harsh-climated but promising areas often retards or even, 
precludes exploratory work. However, if the United 
States is to sustain an oil output in the 1980s at approx- 
imately the same level as current production (about 10 
million barrels daily), up to 4 billion additional barrels 
must be located annually. (Only during 1 year in tfte last 
30 have more than 3 billion barrels of reserves been 
found.) Industry is expecteg to improve the technology 
for offshore exploration aTtd drilling operations to min- 
imize the chances for spillages, blowouts, loss of well 
t control, fires, or other occurrences that may damage the 
environment or endanger life. New technological means 
(for example, the use of robotics for underwater inspec- 
tion in the area of deep sea'oil exploration) will lower 
risks associated with underwater drilling and make re- 
covery processes more efficient-and less costly. 

♦ 

♦ 

Enhanced Oil Recovery 

An estimated 300 billion barrels of discovered oil remain 
in the United States. 3 However, conventional extraction 
techniques can deliver only a small fraction of the oil 
in place, typically between 20 and 30 percent. 4 New, 
methods being investigated to extract increased quan- 
tities of oil include injection of steam, chemicals, or 
carbon dioxide. Under the most favorable economic cir- 
cumstances and with the best foreseeable enhanced -re- 
covery technologies, it is likely that a maximum of some 
50 billion barrels of oil can be recovefed. 

Many factors complicate oil extraction. For example, 
because oil reservoirs vary greatly in size ? they may be 
depleted by a single well or may require several thousand 
wells. In addition, oil is found injtraps that vary in depth 
from 100 feet to more than 17,000 feet, filling the open 
spaces between grains of rock and almost' invariably 
mixed with water. A further complication is the varia- 
bility of the weight °f the oil which, if heavy; is espe- 
cially resistant to w.ater recovery techniques. Enhanced 
oiygcovery techniques are particularly useful for such 
heavy oils, but the diversity of reservoi/characteristics 
Requires a variety of technological approaches. 
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Enchanced oil recovery processed can be divided into 
four categones: thermal, miscible, chemical, and other. 
While most processes* rqrnam untried and involve high- . 
risk technology, one process, the shallow California 
steam floods mechanism, is reasonably predictable. > 
.Overall, for the type of conditions encountered in res- 
ervoirs, technological mechanisms for maw enhanced oil 
recovery'processes other lhap steam flooding are not as 
yet well Understood. o Although the chemical recovery 
processes We technically the most complex, it is believed 
that they can produce the highest recovery efficiencies. 
Many field tests, supported by laboratory mvestiga- 
' tions, will be required to evaluate methods to enhance 
oil recovery. The economics of the new techniques must 
* be analyzed to ensure that investment risks are reason- 
able. In particular, the cost arid availability pf large quan- 
tities of such injection materials as carbon dioxide and 
surfactant must be determined. Processes using thermal 
techniques (involving oil combustion) will need to be 
evaluated for tfieir effect on air quality! while processes 
requiring large volumes of fresh water must be^sessed 
for their impact' upon local water supplies. 

Strategic Petroleum Reserves 

In 1975, Congress mandated the creation of the Strategic 
Petroleum Reservef to provide the United States with 
sufficient itored petroleum to minimize the impact of an 
oil supp/ interruption. Although both surface tankage 
and undersea storage were considered, it was decided 
to use .salt domes because of their superior stability, 
security, and economy, in converting salt domes to stor- 
age cavities, about seven barrels of fresh water must be 
injected and pumped out as brine for every barrel of 
Storage capacity created. 

— q,/ Shale 0 

A major resource of oil in the United States that remains 
relatively untapped is oil shale. The western reserves of 
shale with 25 gallons per ton or higher quality could 
yield at least 200 billion barrels of oil. 5 The total western 
resource has been estimated to be over 2 trillion barrels, 
the largest untapped fossil fuel resource in the United 
States. There are three basic alternative technologies for 
commercial production: (1) above ground or surface re- 
tort whdre the shale is mined and processed through 
heating to produce oil and other byproducts; (2) in situ, t 
where the retorting orheating occurs underground with 
no mining involved (the approach is to drill into a shale 
fqrmation and fracture the shale to allow the required 
Jie^and fluid flow, with combustion sustained by pump- 
ing compressed air or recycled gases into the retort zone); , 
and (3) modified in situ, where retorting occurs in*a* 
mined-out space in the shale deposit. 

Generally, the private sector has 6een active in de- 
veloping these technologies, and there are significant 
proprietary interests involved in the specifics of these 



processes. Pilot plants abound, ^nd extensive laboratory 
testing is being carrie&out in order to refine understand- 
ing of process characteristics, costs, and alternatives that 
may improve process efficiency. Currently, the focus of 
the Government program is being shifted to the Synthetic 
Fuels Corr5oration, and DOE is phasing out its program 
of major research, development, and demonstration to 
concentrate on longer range research and development 
on topics that industry may not have incentives to address 
adequately, such as environmental effects. Major tech- 
nical needs that might be addressed in the nexp years- 
include: 

• Technology for preparation of the rubble ped. 

• Retort operating procedures. 

• Retort abandonment plans. 

• Water management techniques. 

• De'signs for large and small shaft sinki/ig systems. 

• Development of control instrumentation and methods 
for in-situ retorting. 

Coal Liquefaction— Synthetic Fuels 
In addition to their direct combustionaises, vast national 
coal resource^can be Used to produce a family of liquid 
fuels that may serve to moderate the supply shortfalls 
and price increases expected for natural petroleum. The 
degree of moderation -depends largely on the success 
achieved in coal liquefaction research and development 
programs (for example, Exxon Donor Solvent and 
H-Coal pilot plant test programs), on other industry m- 
itiatives, and on the Synthetic Fuels Corporation. 

Direct coal liquefaction involves reactions of hydrogen , 
and coal, and yields heavy, middle, and light distillate 
liquids— primarily fuel oil with about 20-40 percent in 
the lighter quality fuel category. Indirect liquefaction 
first gasifies coal, and then produces liquids. (gasoline 
or light coal liquids) from the gas. Four liquefaction 
processes are being pursued, three direct— catalytic liq- 
uefaction, pyrolysis, solvent-extraction— -ari3 one indi- 
rect liquefaction process, and most are expected to be- 
come commercially competitive. 6 Three of the processes 
(two solvent-extraction methods and one catalytic liq- 
uefaction process) will likely undergo further intensive 
research, as they appear most likely to give posjtive 
results by 1985-1990. 
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GAS ENERGY SCIENCE AND TECHNOLOGY 

There are a number of ways to expand the U.S. gas 
supply base. They include pursuing domestic synthetic 
gas R&D projects; yocurement of gas from Alaska, 
Canada, and Mexico; increasing imports of liquefied 
natural gas (LNG); instituting phased pricing policies to 
encourage, new gas exploration and production; encour- 
aging Shifts by industrial and residential sectors from gas' 
to more abundant fuels; and strengthening conservation 
practices. 



The major Federal R&D emphasis' for gas is fo support: 
(I) long-range, high-risk technology directed at devel- 
opment of unconventional natural gas resources, includ- 
ing eastern gas shales, coal bed methane, and western 
tight gas sands '(goal is an incremental gas supply of 
2-4 trillion cubic feet per year by 1 990); (2) development 
of financial incentives for private sector R&D to Ipeed 
the production of unconventional sources of gas; and 
. (3) technologies for improved gasification of coal. 

Natural %as Production ± 

The several dozen large companies that produce and 
distribute natural gas distributed 19.2 trillion, cubic feet 
of natural gas in 1980, about 25 percent of the Nation's 
total energv supply It .is believed that current production 
levels will be achievable through 1985, when they will 
start to decline. There is a wide agreement that the proved 
,natm*l gas reserves of the United States are about 195 
trillion cubic feet (tcf), as of Januarv 1, 1980 In addition, 
about 100 tcf of inferred reserves ma> be "proved" in 
existing fields through future development activities. 
There is considerable variation in the estimates of un- 
# discovered natural gas in the United States. The U.S. 

Geological Survey projects a range of 475 to 739 tcf 
with a mean of 594 tcf: A recently completed major* 
studv by the Rapd Corporation, however, projects un- 
discovered resources in the range of 143 to 209 tcf/ with 
the most likely estimate of 170 tcf." 4 

At the current consumption rate, present reserves will 
be exhausted in little more than 10 years if no new gas 
* is found in the United States/ Federal actions are being 
taken to' stimulate private sector exploration for addi- 
tional sources in the United States, with new efforts to 
increase natural gas production in the lower 48 States 
continuing to receive high priority. In the very long 
range, it has been estimated that unexplored and deregu- 
lated deep wells below the 15,000-foot level could sub- 
stantially expand U.S. proven reserves by as much as 
100 trillion cubic feet. 

Unconventional Gas Sources 

Such sources as Devonian shales, tight sands, .coal beds, 
and geopressunzed zones can perhaps be used to produce 
up to 15 times the currently available gas resource, if 
aggressive R&D continues. Generally, it is -believed that 
gas from unconventional sources can be used to supple- 
ment the conventional gas .sources as they decline, with 
eastern shale and western sands being the main near- 
term candidates for exploitation. Coal-bed methane re- 
covery may be demonstrated to be economical and fea- 
sible in the longer term, and use of geopreSsurized meth- 
ane appears to be a very long term and highly speculative 
prospect deserving of aggressive investigations. A 5-year 
"multi-well experiment" funded by DOE will accelerate 
efforts in the private sector for recovery of natural gas 
from low-permeability sand reservoirs in the Colorado 

-ERIC * 



Energy- 741 

Piceance Basin, This is a high-risk, but potentially high- 
payoff R&D effort, which industry would not likely fund 
on its own. In addition to increasing our knowledge of 
gas resource potential, it should reveal efficient methods 
of hydraulically fracturing such formations and map 
more precisely how the lenticular gas formations are 
typically situated. Other technological advances ex- 
pected include improved well-logging techniques and 
new diagnostic instrumentation for western tight gas 
sands. / 

Liquefied Natural Gas~ 

Liquefied natural gas (LNG) presents a means of aug- 
menting dwindling U.S. natural gas supplies. LNG could 
provide a feedstock to the massive gas distribution sys- 
tem that is alreadv in place, perhaps at a lower cost than 
some svnthetics. LNG is high in density, methane, the f , 
main constituent of natural gas, when liquefied occupies 
only 1/600 of the space it requires as a gas at room 
temperature ajid at atmospheric pressure. This facilitates 
economical transoceanic transport and storage, however, 
it also makes LNG extremelv hazardous. The danger of 
accidental explosion is, a matter of great concern in s 
crowded ports, storage sites, and processing facilities. 

Expanded LNG operations have been discouragfcd re- 
cently bv the Federal Government; because the proposed 
projects have had undesirable economic features and 
could adversely affect foreign relations. At present, LNG 
is imported at a rate of about 0.8 trillion cubic feet per 
year. Th^ existing potential supplies in the U.S.S.R., 
Nigeria, Indonesia," Australia, Malaysia, Trtnidad, Co- ' 
lumbia,' and Chile suggest that ^the import rate could 
double in a decade. Most of the potential suppliers, how- v 
ever, would require long-term contractsjjefore initiating 
LNG projects, due to the high front-end costs that could 
exceed $2 billion for each project. If LNG is to be used 
more extensively as a supplemental gas fuel, efforts must 
be made tp minimize safety hazards. In addition, such 
alternative transport schemes as conversion of gas to 
methanol need further study. 

Coal Gasification 

A number.of fairly well developed technologies exist for 
converting coal to gaseous fuels. The basic technology 
to achieve significant coal gasification production in fu- 
ture years is available, and by/the mid- 1 980s the ongoing 
as well as planned research and development should 
demonstrate improved efficiency, reliability, overall per- 
formance, and environmental acceptability in gasifica- 
tion processes. 

Highest priority is likely to b£.given to pressurized 
gasifiers that Use either the entrained-bed or the fluidized- 
bed approach. The objectives of the national R&D effort 
are to improve environmental characteristics, pressurized 
operations, thermal efficiencies, and the reliability, 
maintainability, and availability of the coal-feeding and 
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othqj subsystems. The ability to use a wide range of coal 
types is a fjirther objective. 

COAL ENERGY SCIENCE A^D TECHNOLOGY 

4 

The Nation's coal reserves compose perhaps 30 percent 
of the world's total. Our legally and economically ac- 
cessible coal resources are believed to be between 50 
and 438 billion tons. Consumption rates have^been„ 
slightly less than .7 billion tons per year. In the recent 
past, approximately 73 percent of the Nation's coal was 
consumed in electric utility boilers, 15 percent in coking 
for steel production, and 1 1 percent in boiler fuel. 8 Coal 
was used to produce about 45 percent of the Nation's 
electricity, with the balance being produced by oil, gas, 
nuclear, hydroelectric, or other Sources. Coal is increas- 
ingly viewed as a short-term alternative fuel to reduce 
reliance on foreign oil and gas; however, environmental 
effects, technological difficulties, regulatory uncertain- 
ties, capital formation requirements, and other factors 
have kept coal's contribution below the expected level. 
In the longer term, liquid fuels from coal are viewed as 
being a potentially important contribution from the pri- : 
vate sector, with assistance from th^ Synthetic Fuels 
Corporation. 

Coal extractfon research priorities include expanded 
work on (1) the fracture properties of coal; (2) the com-^ 
bustict^ processes of onsite gasification; (3) flame prop- 
erties of coal dust explosions; (4) the processes that 
embed coal dust in lung tissues; (5) revegetation^of strip- 
. mined land; and (6^the nature and reestablishment of 
aquifers in strip-mined coal deposits. 

Additional coal technology research is expected in the 
following areas: 

(1) Coal crushing — investigating erosion in coal grind- 
ers and pulverizers and gaining an improved under- 
standing of the mechanical and elastic properties ojf^ 
coal; 

(2) Coal pipelines — Investigating the flow behavior of 
coal-water mixtures^ turbulence, and erosion in the. 
presence of multiple layers; 

(3) Coke formation— treating the swelling and agglutin- 
ation of coal particles and investigating the structure 
and reactivity of coal; 

(4) Coal combustion — investigating thejghysicfcr~and " 
chemical processes occumrjg4irfltnHized-bed com- 
bustion of boilers and furnaces* the removal pf sulfur 
and nitrogen oxides from flue gases, turbulence, and 
combustion modeling. 

(5) Coal gasification and liquefaction research— m\\ 
, emphasize the development of new technology that 

promises higher thermal efficiency, lower product 
cost, and higher product quality. Process concepts 
that minimize the requirements for oxygen, steam, 
and/or hydrogen will be sought' since these factors 
all entail large thermal efficiency penalties. 



ENVIRONMENTAL PROTECTION AND SAFETY ISSUES 

DOE projections of U.S. base-case environmental trends 
(Figure 4)i indicate significant improvement, in some 
areas. At the national level, emissions of total suspended 
particulates (approximately 40 percent from energy* 
sources) are- projected to decline 22 percent between 
1975 and 1990. Hydrocarbons and carbon monoxide, 
which are produced primarily by transportation, are pro-* 
jected to decline 28 percent ahd 45 percent respectively 
in the same period. 9 Similarly, emissions of sulfur oxides 
(primarily from coal-fired utilities and industrial boilers) 
are projected to remain level as improvements in pol- 
lution control offset increased coal use. Emissions of 
nitrous oxides from fossil fuel combustion are expected 
to increase 10 percent from 1975 to 1980. 

On a worldwide scale, carbon dioxide (C0 2 ) concen- 
trations are estimated to have increased by about 10 
percent since continuous observations began in 1958. 
Among the various factors that have contributed to this 
trend are increased C0 2 emissions from fossil fuel use, 
a rise iruglobal population, and a decrease in absorptive 
capacity for C0 2 from global deforestation and reduced 
atmosphere-to-ocean transfer. However, there are con- 
siderable uncertainties about the details of the absorptive 
capacities of the various sinks for C0 2 , as well as the 
future rate of increase of manmade C0 2 emissions. Cli- 
mate models project an increase in average atmospheric 
temperatures, with increasing C0 2 concentrations, but 
again, the uncertainties about specific amounts of change 
and the" importance of other perturbing factory are high. 
While tfie uncertainty is high, the potential impact of a 

-long-term. global increase in average temperature of a 
few degrees could be very severe. 10 Consequently, there 
is a need for further research monitoring and assessment 
to gain a better understanding of the complexities*of the 
global carbon cycle, with emphasis upon C0 2 . 

Sulfur dioxide and nitrous oxides, large amounts of 
which are'producStW^Jhe burning of fossil fuels from 
both stationary and mobile sources* are oxidized in the 
atmosphere to sulfuric and nitric acids and then scav- 
enged by t fain, creating what is called "acid rain." Mart* 
made emissions include those from industrial processes, 
municipal waste disposal activities, agricultural and for- 

~~estry~ operatfon^motor vehicles, and "home heating 
plants. In addition, natural sources contribute sulfur and 
nitrogen compounds to the atmosphere. " 
The United States, Canada, and other foreign countries 

- are carrying out research to understand effects of acid 
rain on the productivity of agricultural crops, forests, 
'rangelatids, and wetlands; on the health and productivity 
of domestic food » animals, wildlife, fish, and other 
aquatic organisms; and on corrosion of metals, painted 
surfaces, masoifry, and materials in machinery and struc- 
tures. An atmospheric deposition monitoring network is 
being established to help determine spatial and temporal 
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trends in the amount of injurious substances and bene- 
ficial nutrients in precipitation and dry particulate matter. 

Expanded coal operations may also pose increased 
science- and technology-related problems in four prin- 
cipal areas: 

(1) Coal^ mining — underground water course disrup- 
tions, "black lung" diseases, and land reclamation 
and! surface productivity; V 
e (2) Coal distribution — commiliity disruption by new 
railroacf facilities and increased coal industry activ- 
ity, and water management problems resulting from 
use oFsIurry systems; 

(3) C0/n£w5f/0/i-^missions of^ such trace elements as 
arsenic, cadmium, mercury, lead, fluorine, and be- 
ryllium; and 

(4) Cleanup— coal ash and sludge disposal. 

Amounts'of bottonj. ash are expected to double as coal 
use increaserancTas suspended particulates are better 
controile^Scrubber sludge Resulting from sulfur oxide 
control is pro^ectedlQlncrease to 3T-45~million tohsper" 
year by 1990.^schar£fes of dissolved solids, primarily 
from coal mining, are projected to increase 60-80 percent 
i^ the same period. Research and development are ex- 
pected to be focused on all of those problems during the 
next several years. 



NUCLEAR,ENERGY SCIENCE AND - 
TECHNOLOGY . - 

Nuclear energy has been demonstrated to be an econom- 
ical, safe, and environmentally acceptable energy source. 
Starting with.the United States' substantiaf domestic re- 
sources of uranium Ore — capable of lasting w*fil into the 
21st century as used in the current generation- of reac- 
tors — breeder technology can multiply the effectiveness, 
of these resources sixty fold, so that they could easijy 
last for several centuries. 1 6 
Two short-term barriers to greater exploitation of nu : 
clear energy stand out: overcoming regulatory burdens 
and. the lack of public confidence. Other concerns include 
. the long-term adequacy of uranium supplies, the need 
for more efficient power reactors, and the development 
role of breeders and resolution of the waste disposal 
issue. 

In recent years, between one eighth and one ninth of 
all U.S.' electricity has come from nuclear power, and 
nuclear plants now generate during certain months of the 
"year moTe electricity nationwide than those using hy- 
dropower, oil, or gas* Nuclear power accounts for more 
than half tHe electricity needs of some States. New plants 
that are now ready for operation oj that are scheduled 
to be ready by the middle of the decade will raise total 
generating capacity to approximately t^wice what it was 
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at the beginning of las* year. Looking ahead to the early 
1990s, the national share of kilowatt hours supplied by 
nudear power is projected to increase to about 25 per- ■ t 
cent — based solely on plants now under construction. 

In 1980, 72 nuclear plants .generated* more than 251 
billion kilowatt hours or approximately 1 J percent of the 
Nation's electricity. When the 104 plants that are cur- 
rently in some phase of planning or construction come 
on line, the output from nuclear capacity wilf ri>se to 
about -780 billion kilowatt hours, with a fcapability of 
providing approximately 25 percent of our electricity. 
This contribution is significant. 

For more than two decades, major breeder research 
and development activijties have concentrated on ttfe 
liquid metal- fast breeder reactor#(LMFBR). LMFBR 
technology, as contrasted to other high-technology inex- 
haustible resource options, is \veU beyond proof-of- 
pnnciple stage of development apd into engineering 
scaletlp. The goal of LMFBR research is to develop the 
technology and engineering base to permit development 
of commercial breeder reactors. A> sequence of devel- 
opmental plaots is required to permit aa orderly scaleup 
# of plant size and to provide the necessary focus for the 
development of breeder technology. Programs are und^r ■ 
way to continue planned test operations of the Fast Flux 
TeSt Facility (FFTF) to comjiwct the Clinch/ River* 
Breeder Reactor Plant (CRBRp/ These plant projects 
will be supported by a base res^arcty and development 
program that provides the necessary engineering and 
safety analysis, along with tlje technology improvements 
required for plant scaleup. 

• In an effort^ to develop -technolc^y that will signifi- 
cantly reduce the c&st of uranium enrichment, research 
is being Conducted on advanced -isotope^eparation con- 
cepts. Three candidate processes— two laser isotope sep- 
aration techniques and a plasma method — are being in- 
vestigated. The results of this evaluation will lead to the 
selection in 1983 of one preferred process for engineering . 
development toward an eventual demonstration facility 
and J £ production facility. * 

This Administration is committed to reversing past 
Federal Government excesses and to providing a more 
favorable climate for efficient energy production. This 
should -'allow ■ nuclear power -to-compete-fairly~in_the- 
marketplace with other potential sources of energy sup- 
ply. The President's Program for,Ec6nomic Recovery 
can be expected to reduce inflation and improve the 
availability of capital to the utilities. Decontrol of oil 
prices encourages more cost-effectiv^'allocation and the 
substitution qfJower cost, resource-conserving alterna- 
tives,, including nuclear energy. 

SHORT-TERM URANIUM AVAILABILITY 

' Considering existing and projected light water reactor 
uranium consumption rates, it has been estimated that 
sufficient natural uranium resources exist .to meet re- 



quirements in the United States and abroad through the • 
end of the century, and probably slightly beyond. While 
the amount of ore that the mining industry' is confident 
it can produce is subject to dncefr^inties,' approximately 
1.8 to 2.4 million tons of mineabfevdotaestic uranium 
oxide reserves in>the $30 to S50 per jW^ category* are 
estimated to exist in this country. 

Provisional Conclusions indicate that with extensive ^ 
uraniuih exploration and development activity, global w 
resources could beAxhausted by the year 2030. How- 
ever, uranium resources can be made essentially inex- ; 
haustible through employment of advanced reactor de- 
signs—a topiothat will be addressed later in. this section. 
Also, uranium resources can be stretched out for several 
decades by reprocessing- spent fuel from conventional 
power reactors or through use of thorium to generate 
uranium-233. Availability of thorium is estimated to be 
more than four times that of uranium. Lower grade ura- 
nium ore also can be used, although that could result in 
raising lssue^associated with large-scale mining, similar 
to those in supface-mined coal operations, and solid 
waste^ problems Further development and subsequent 
use of , advanced isotope separation (AIS) techniques 
could extend the uranium inventory. 

NUCLEAR WAST^ AND SPENT FUEL 

Adequate dispQsaf s of high-level nuclear waste continues 
to be both a policy and a technological issue. Extensive 
efforts have been made' to reduce the severity of or elim- 
* inate problems associated with waste disposal and spent 
fuel, and considerable success has been achieved. There 
is now a great deal x>f detailed knowledge about waste 
solidification, encapsulation, transport, and # emplace- 
ment, and there is confidence in the ability o'f geologic 
isolation to prevent or delay radio-nucli.de migration. 
The essential question remains exactly where (specific 
sites) the geologic and hydrologic conditions are such 
that waste isolation can be demonstrated and predicted 
to the satisfaction of the licensing authority, the U.S. 
Nuclear Regulatory Commission. 

The storage and/or disposal mode for management of 
waste is dependent upon the £haracteristics'of each type 
of waste. For example, high-level and transuranic con- 
taminated wastes mayr^uire"disposarin a geologic re^~ 
pository, whereas low-level wastes can be deposited in 
shallow land burial grounds. 

The Federal program on commercial nuclear waste is 
aimed at providing technology for treatment, handling,- 
ancrilisposal of radioactive waste and for remedial ac- 
tions in'both government and private facilities that ma y 
become contaminated. Programs include development 
of criteria for identification of suitable sites for nuclear 
waste repositories, increased emphasis on low-level ' 
waste treatment and disposal technology, conduct of the 
West Valley Demo Project (Public Law 96-368), and 
remedial actions at uranium mill tailing sites and Man- 
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hattan Engineer District/AEC sites, as well as surplus 
contaminated DOE facilities. 

Between now and 1985, further research will be 
needed on nuclear waste management, particularly on 
, deep geological waste repositories. Research is expected 
to be completed on the<levelopment of more stable v^aste 
forms, on understanding the leaching of those waste ' 
<i t forms, and on the rates and mechanisms of transport of 
~\^actinides and fission products through geological media 
^by- ground waters. Those technology-base research^ef- 
. forts will assist in developing the understanding needed ' 
for studies and experiments on container corrosion and 
other radiation effects. 

In addition, criteria for site, selection and approval will 
, be refined, including fuirconsideration of the many dif- 

ferent waste forms, their differing risk levels, leach rates, 1 
heat rates, ground-tfater standards, and seismic stabili- 
ties Also, it is expected that improved methods for treat-* 
ment of abandoned mines and tailings \tfill be developed. 

IMPROVING CURRENT SYSTEMS — THE LIGHT WATER 
i REACTOR (LWR) 

* 

At present, most of the operating reactors that produce 
electricity commercially in the United States (and in the 
world) are light >aater reactors. Jhey have demonstrated 
reliability, economy, and safety features that are com- 
parable or superior to competitive nuclear designs. In 
addition, when' used on a once-through fuel cycle, a 
LWR presents less of a proliferation threat than more 
* advanced fission energy concepts. Unfortunately, the 
LWR uses uranium less efficiently than advanced reactor 
designs f^Thc conversion ratio (fraction of usable fuel 
actually fissioned) canv^e improved by using different 
fuels, different core designs, and other means. Efficiency 
can also be increased by using higher temperature cool- 
ants, more efficient turbines, and other components. 
Those avenues will be tried in the advanced LWR pro- 
t gram. Even very small incremental gains in reactor ef- 
ficiency can result in tremendous operational and eco- 
nomic benefits. 
f While the safety record of the LWR has been com- 
mendable, additional safety research is still indicated and 
will focus on both operational and public safety. Most 
of the LWR research work will be in the basic and applied 
sciences; however, some effort will be expended, in ex- 
ploratory development. Problems of improving plant 
- availability and fuel cycle economics will also receive 
attention^ 

; Additional research topics include fuel and fission 

product behavior, component performance, safety tech- 
nology (e.g., accident prevention and mitigation of large 
improbable accidents), safeguards technology,' applica- 
tions of computers and logic systems to power plant 
operations, and opferator selection and training processes. 
**The experience gained with the LWR has given the 
q United States insight into the nature of problems that can - 
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occur in bringing new types of reactors into full com- 
mercial use, which can take 20 to 30 years. Experimental 
work and systems studies have resulted in a variety of 
new reactor designs that would use existing fuel supplies 
more efficiently, while the tvork under way in advanced 
breeder systems will be refining our understanding of 
alternative reactors for extending fuel supplies almost y 
indefinitely. These technologies together with better ore 
processing and uranium resource assessment should per- 
mit use of nuclear power for an extended period. How- 
ever, in view of the long leadtimes ftfr the introduction 
of a new family of reactors, there will be a continuing 
need to maintain an assessment of the state of,the tech- 
nology and .of the fuel supply projections and costs, and 
to improve the technology readiness for alternatives to 

extend the fuel for the present-generation LWRs. 
i ■ 

FISSILE FUEL BREEDER AND FUSION -KISS ION HYBRID 
SYSTEMS „ f 

With LWRs, most of the national uranium and thorium 
reserves will not be used. Fissile fuel breeders, on the 
other hand, convert much of the. natural uranium and 
thorium to fissile fuel, and increase the effective fissile 
fhel supply by about two orders of magnitude. Advanfced 
breeders may be used by themselves or symbiotically 
with LWRs, to provide utilities with a predictable quan- 
tity of fissile fuel at a guaranteed price* 

Objectives of the breeder development program have 
been to conduct broadly based R&D aimed at critical 
technological areas and to develop technical and engi- 
neering data that will permit selection of a breeder system 
for deployment after the year 2000 should polrcy deci- 
sions to do so be made. Critical technological areas in- 
clude heat transport systems, fuel, safety, and prolifer- 
ation-resistant breeder 'reprocessing technology. 
Commercialization can occur if a system with a high 
breeding ratio can.be bui]t at modest capital cost. The 
Administration is proposing initiatives to reorient* the 
breeder program development strategy around a se- 
quence of plant projects which determine the scalability « 
of the technology up to sizes of commercial applicability. 
This effort will be supported by broadly based R&D * * ' 
aimed at critical technical areas including heat transport 
systems, safety, anfl fuel reprocessing technology. 

ADVANCED ISOTOPE SEPARATION TECHNOLOGY 

T(f develop a more economical technology for enrich- 
ment of uranium, DOE is supporting a program in ad- 
vanced isotope separation technology. It involves the 
development of three processes ( a plasma technique and 
two laser techniques) that will be operated, for about 6 
months in preprototype test bed facilities in 1982. Se- 
lection of erne, of the processes to proceed ultimately to 
a production facility (after development and demonstra- 
tion) will be made during fiscal year 1982. • 

( 
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GAS CENTRIFUGE ENRICHMEI*f PLANT 

* 4 

DOE will continue to support design and Construction 
of a Gas Centrifuge Enrichment Plant at Portsmouth, 
Ohio. It will h^e an initial production capacity of 2.2 
million Separative Working Units (SWU)* beginning in 
1989, with additional capacity in 1.1 milliQn SWU in- 
crements in the 1990s. Currently operating diffusion en- 
richment plants meeting domestic, foreign, and U.S." 
Government requirements (9.9 million SWU production 
planned for fiscal year 1982) are locatei^at.Oak Ridge, 
Tennessee;" Portsmouth, Ohio; and PadUc)^ Kentucky. 
. Some 14 millio.n SWU in sales next year are projected, 
which should result in revenues of $1.8 billion. 



ENERGY CONVERSION, DISTRIBUTION, AND 
STORAGE SYSTEMS 

The projected expanded use of coal, gas, and electricity 
will place stress on our existing distribution systems and, 
thus, has stimulated work on new ways to handle those 
commodities. In addition, phasing-in the variety of new 
^technologies, developed as supplements to the use of 
rqfge-scale traditional fossil, nuclear, and hydro energy 
sources, poses another) class^of integration problems. 
Ways that are both economically viable and technically 
compatible with existing networks need to be founds 
In addition, advanced concepts for energy conversion 
* systems are being explored, since advanced conversion 
technologies wi|l^ play increasingly important roles in 
energy conversion and renewable resource use from 1990 
onward. Technological advances in .our knowledge of 
the fundamentals of energy release, conversion, and use 
could substantially increase en«gy productivity given 
the same supplies of energy, allow alternate fuel use, 
and help the shift to renewable sources, A greater un- 
derstanding of the phenomena that affect energy con- 
version efficiency may lead to entirely new, significantly 
better methods to convert and use energy. 



COAL DISTRIBUTION 



Coal, systems will require substantial modification and 
expansion if increased exploitatioruof western or eastern 
coal resour^lr^suedrConsiderablr-iriiprovements- 
in handling equipment and distribution will be required. 
Slurry pipeline systems will require further research and 
assessment, as will possible impacts on the lifestyles of 



•SWU is a measure of effort expended in an enrichment plant to separate an input stream of 
a given preferred isotope teg, ; U-235) into a product stream having percentage of the preferred 
isotope than the input, plus a "jails" stream having a lower percentage. A typical calculation 
for LWR system sustained by a single uranium enrichment plant would show a 9 million 
SWU plant representing some 22 billion Kwh equivalent energy input (enrichment being 
about 90 percent of total energy input that alio includes mining, milling, conversion, fab- 
rication, and reprocessing) to a reactor system that would produce a net electricity output 
(excluding capital energy demand) in the vicinity of 820 billion Kwh (i e.. output/inpui ratio 
of 33) v 



citizens affected by significantly increased rail activity. 
Port facilities, already overtaxed, will have to be ex- 
panded, dredged, and provided with effective new han- 
dling equipment. 

GAS DISTRIBUTION 

Gas in the Urjited States is distributed through a vast 
national ^pipeline, truck, and shipping network. Future 
use of that distribution system will be a function of na- 
tional success in augmenting, arid eventually replacing, 
existing and depleted U.S. gas resources with synthetic 
gas (as well as imported LNG or natural gas). Devel- 
opment of gases that can be used in the existing system 
or a moderately modified system is a research objective. 
In addition, new designs are required for microprocessor ' 
control systems for burners and industrial processes, 
fuel-air temperature controls that respond instantly, and 
differential sensors to control fuel air changes. A sophis- 
ticated computer-aided gas distribution management sys- - * 
tern will enable better integration of multiple gas sources 
(liquefied petroleum, synthetic, and natural gas) for pipe- 
lines. New ways are also being sought to protect un- 
derground pipes, to locate them whep necessary, and to 
excavate and backfill whSn installing or repairing pipelines. 

Electric energy systems 

Electricity distribution systems are expected to expand 
greatly due to increased tlemand from the residential, 
commercial, and transportation sectors. Present sources 
of electricity (approximately 49 percent coal, 27 percent* , 
oil and gas, 12 percent hydroelectric, and 1L percent 
nuclear)" are expfected to be partially supplanted by in- 
creased use of nuclear-derived energy and energy from 
a variety of renewable sources. Research dn technology 
to vary nuclear power plant output to respond to user 
requirements is in progress. In the meantime, use of coal- 
powered generators as "swingV sources will help pro- 
vide required flexibility. Hydroelectric and geothermal 
power contributions are expected to increase in the short 
term; wind power systems will emerge with more abun- 
dant power in the mid term; and major solar contributions , 
are expected in the long term. 
Designs are required that will integrate inputs from 
~an IrKreasirTgly diverse set of^power "sources, reduce 
utility transmission and distribution losses, as well as 
increase system efficiencies through advanced control 
technology. In addition, environmental effects of the 
high vpltage transmission systems will continue to be 
addressed through electric field effects research. 

ENERGY STORAGE * * v_ 



When more alffuse and intermittent heat and power 
sources are used, the requirement forjiew forms of en- 
ergy storage will intensify. Wrjen energy is solar- or 
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wind-derived, mismatches between supply and demand 
can be significant. Consequently, research on various 
ipethods of energy storage is in progress. Mechanical 
storage approaches include. (1) pumping water into el- 
evated storage basins with excess power that has been 
generated and reclaiming that power through a turbine 
generator; (2) compressing^aff^into caverns or under- 
ground chambers and using it to power a fueled or un- 
fueled turbine system; and (3) high energy density fly- 
wheel systems. Chemical storage research primarily 
examines production of hydrogen. Thermal storage tech- 
nologies include simple heating of liquids and solids, 
heat from phase changes, and heat absorbed or released 
by reversible chemical reactions. 

Electrical forms of forage include the high-intensity 
electric or magnetic fields, as well as the more conven- 
tional storage battery. Many materials combinations are 
.being investigated in an effort to improve the energy 
density, cost, lifetime, and performance characteristics* 
of current electric storage batteries. Much of this work 
is being done in the transportation sector, as part of 
electric vehicle technology development, and is dis- 
cussed in the section on Electric and Hybrid Vehicles. 

The Federal program in energy storage systems is long 
term in l nature, concentrating on improving the link be- 
tween energy sources and end use through R&D on de- 
sign concepts and laboratory testing. 



SOLAR AND OTHER RENEWABLE ENERGY 
TECHNOLOGIES*' ^ • 

Renewable and essentially inexhaustible* energy sources 
include biomass, municipal waste, geothermal, ocean, 
wfiid, hydropower, active and passive solar heating and 
cooling, photovoltaics, and solar thermal. Together they 
now^provide about 6 percent of our energy suprjly. These 
sources are generally characterized by small-scale in- 
stallations with modest output power, and sources that 
are often diffuse and intermittent. Each of these aspects 
presents special scientific and technical challenges if sub- 
stantial and economically viable applications are to de- 
velop. I^pr example, small-scale installations have less 
flexibility to accommodate system or component fail- 
ures, require special integration techniques if they feed 
into a common electrical grid, and are quite sensitive to 
subsystem costs. Similarly > intermittent souites usually 
require some accompanying storage device unless inter- 
mittent power can be accepted or alternate sources can 
-tife topped. For certain of these technologies (here^will 
be a continuing need to improve the technology base, 
with priority given to the special problems that arise 
because of the characteristics outlined above. This in- 
cludes work to develop better and lower cost materials. 



• Exclusive of fusion ^ 



resistant to the various corrosive environments, im- 
proved system perft^pa^iK^ and efficiency, improved 
reliability and a better understanding of how these dis- 
bursed systems interact with the larger network of energy 
supply systems now in place. J 

Solar heating and cooling 

Direct use of solar energy is emerging as a technology 
with potential commercial viability for hot water and 
space heating of buildings, and for industrial heat proc- 
esses. However, institutional, economif, and technolog- 
ical impediments have slowed progress. Direct solar 
water and space heating systems are now finding ex- 
panded application. Perhaps by the 1990s, active solar 
cooling may .evolve to the commercial state. 

Removal of subsidies for competing oil technologies, 
the Reagan Administration deregulation policies, the 
National Gas Policy Act of 1978, and various tax in- 
centives create a mcTre favorable climate for capital in- 
vestments in solar and other renewable energy. The 
private sector is expected to be responsible" for com- 
mercializing and developing marketable solar systems, 
while the Federal role will focus on basic, jgeneric 
research. ^ 

SOLAR THERMAL ENERGY SYSTEMS 

Solar thermal energy .systems comprise both concen- 
trating collectors and solar ponds. The potential markets 
for sofar thermal energy systems include: ( I ) production 
of electricity by utilities serving both small and large 
communities; (2) production of heat or cogeneration of 
heat and electricity for industrial uses; and (3) production 
of transportable fuels and chemical feedstocks. A few 
complete systems have been installed in the field where 
' potential users are obtaining firsthand experience. These 
include several parabolic trough systems in- the 5,000 m 2 
size raqge.vOther projects \inder construction include the 
world's largest solar electric 0 power plant (lOMWe) near 
Barstow, California, and a parabolic dish project at Shen- 
andoah, Georgia. Second-generation components- are 
currently being tested in' three operational outdoor test 
facilities. Parabolic trough systems are being sold com- 
mercially, and at least one firm is putting its own capital 
into developing and marketing solar thermal systems for 
enhanced oil recovery. 

photovolta'ic systems <* 

Photovoltaic (PV) .energy conversion devices or solar 
cells, which convert light directly into electricity, are 
now being produced with conversion efficiencies of over 
14 percent. Considerable emphasis has recently been 
placed on lowering PV costs to levels competitive with 
those of existing and projected energy sources. Devel- 
opment of advanced materials and large automated pro- 
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duction facilities are expected to continue to reduce 
costs. Because of complex cell manufacturing technol- 
ogies and relatively low efficiency s^icon and cadmium* 
cells riow sell for $5,000 to Siq,000 per KW(e) of peak 
output, when used without concentration mirrors or len- 
ses. Reaching dbsts that will permit photovoltaic systems 
to/^o^ete with other energy systems -may require new 
types of devices, such as those that use thin films of 
amorphous rather than crystalline materials. DOE is sup- 
porting basic and fundamental research on advanced 
semiconductor materials for PV applications. 

•HYDROPOWER 

Electricity from high-head hvdropower sites contributes 
about three percent of our national energv. Few new 
favorable sites remain, and attention is turning toward 
exploitation of low-head hvdroelectric*ge neralors usm £ 
a wide vanety^of water resources. Such small plants are 
virtually nonpolluting and can be esthetically pleasing. 
Compared to the effects of large dams, the adverse effects 
on small-stream ecology appear to be small. The nominal 
size of such installations is approximately- 3 megawatts 
Some 20 demonstration grants have been awarded in 
recent years to measure constraints of various system 
designs and to determine their workability. Tte hydro- * 
power industry has been revitalized as a resu^of the 
DOE demonstration program, streamlining of licensing 
procedures/ credit programs, and the 21 pepcent invest- 
ment tax credit. 

/ 

GEOTHERMAL ENERGY 

Commercial development of geothermal 'energy re- 
sourcesMs expected to expand in the near future. Geo- 
thermal energy is becoming increasingly competitive 
with other energy sources as oif and gas prices are de- 
regulated. Technology under development will increase 
the Nation's ability to use a larger variety of geothermal 
energy sources, and expanded use of existing reservoirs 
and lower energy production costs are expected. Geo- 
thermal potentials have been identified in over 30 States, 
and efforts are continuing to determine the full extent 
of those resources. f| 

Federal loan guarantees have been used to encourage 
commercial geothermal developments, and research is 
being conducted to develop a better technical understand- 
ing of hot dry rock and geopressured resources, including 
recovery of dissolved methane, to reduce drilling costs, 
to develop advanced conversion systems capable of usirig ' 
moderate-temperature , high-salinity resources for stim- 
ulating reservoir production, #nd to develop better tech- 
niques for predicting reservoir performance. — 

An independent study by The Energy Research Ad- 
visoT^ Board (ERAB) has concluded that "Technolog- 
ical emphasis should focus on the substantial impacts^of 



improvements in drilljng technology, especially in the 
utilization of diamond Stratapax bits, high-temperature 
turbodrills, well pumps, and high-temperature logging 
'equipment". 12 It further concluded that programs dealing 
with geothermal well stimulation techniques should be 
accelerated. 

•BIOMASS-ENERGY % JL ^ 9 

Bitfmass is renewable organic material such as^ terrestrial 
or aquatic vegetation, and animal, agricultural, or for-* 
estry residues. The organic material can be burned di- 
rectly or converted to such energy forms as liquid or 
gaseous fuels," or petrochemical substitutes*. Applications 
for energy from biomass include electricity generation, 
production of heat and power for onsite residential, in- 
dustrial, or agricultural applications, and production of 
liquid fuel for transportation Areas where R&D may 
prove fruitful include: 
% 

(1) Aquatic biomass energv s> stems (microalgae, mac- 
roalgae, floating and emergent plants) that will pro- 
duce marketable £nerg> and petroleum replacement' 
products at competitive v costs; 

(2) Svstems for producing energy from hydrocarbon 
plants grown on and lands or from to^yielding 
grasses grown on marginal lands, as well as systems 
for increasing yields of energy feedstocks that are 
produced jointly with foocWnd fiber products from 
crops growji on traditional agricultural lands; 

(3) Short rotatioft woody crops with yields of 8 dry tons 
/ per acre per year, for use* as energy feedstocks agd 

fiber products; # " , 

(4) Thermochemical conversion technologies for pro- 
ducing liquid and gaseous fuels and petrochemical 

substitutes from biomass feedstocks at costs com- 
petitive with fuels A and chemicals derived from 
petroleum; f~ s 

(5) Biochemical technologies for the conversion of bio- 
- mass into petrochemical substitutes, and anaerobic 

fermentation technologies for conversion of crop 
residues and other biomass into gaseo^TTo^; and 
" (6) Practical photobiological systems that vvhl produce 
hydrogen from water and renewable resources. 

MUNICIPAL WASTE „ 

It is estimated tjiat in 1980, 156 million tons of municipal 
solid waste and dry^ewage sludge solids were potentially 
• available for energy recovery. Should all these wastes 
be utilized for energy procuration, they could produce 
the equivalent of over 200 million bsffrels of oil annually. 
In addition, there is* an estimated 300 trillion BTU of 
methane that could be extracted from existing landfill 
sites.' Besides the potential of producing energy from 
waste, energy can b^conserved through waste materials 



recycling processes and by utilization* of more energy- 
efficient technologies by the Nation's waste-production 
and<**aste water treatment facilities. 'The economics of 
recovering energy trom urban wastes depeifds upon the 
value of non-energy materials recov^j^d and the credit 
cost given relative to the cost of alternative waste dis- 
posal. Alternative systems and processes are being tested 
and a variety of recycling plants are b^ing successfully v 
operated,. Problems range from emission of harmful 
chemicals- and bad odors to lnadequate'cajjarity. Prin- 
cipal support for the technology is fronkthe-pnvate sector 
and local governments. 



WIND SYSTEMS^ \ 

Wind prater is a form of solar energy that has been used 
by m^p»r centuries and was a significant contributor 
to U S nontransportatioh energy demand well into the 
1900s Wind systems arc again receiving attention and 
a variety of designs are now available, at a range oi\ 
several kilowatts to several megawatts output. The prin- 
cipal technical challenges in accelerating use of wind* 
ppwerare: 

(1) improved understand^ of the winti resources. 

(2) development of materials and design techniques to 
reduce stresses that machines encounter over their 
lifetimes: and 

(3) understanding the d>nafnfc Interactions of wind sys- 
tems with the electric grid. 



OChAN THERMAL hNfcRGY CONVhRSION (OThC) 

OTEC is a technology to exploit the temperature differ- 
ences between surface and deep ocean water to generate 
electricity. Such a system will not require storage and, 
as such, will be designed for baseload option. 

Among the major technical challenges associated with 
this technology have been heat exchanger performance 
and several marine subsystems, such as the large cold- 
water pipe, mooring, and electric cables. Extensive work 
,has been done on heat e^hanger design, since it is a 
cntical element in the system. Currently, one major prob- 
lem, bio-fouling of the heat transfer surfaces, appears 
to be Understood well enough to enable maintenance of 
power system efficiency via periodic cleaning, for pe.- . 
riods of up to 2 years. Longer periods will still need to 
be assessed, as wejl as performance of advanced 
'heat exchanger designs intended to improve cost- 
effectiveness of the system. Additional q ue stions that 
require assessment are the nature of plimatic and eco- 
logical, effects, jf OTEC Systems are employed in large 
numbers Furth$pwo*rk, including construction of a pilot 
"plant, will be primarily the responsibility of the private 
sector. 
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Investments in increased energy usage efficiencies can , 
be.cost-effectiye in the near term, whereas energy from 
emerging i technologies (geothermal, ofEC, synthetic 
fuels, and others) will take years to tfiake? important con- 
tributions. Although population growth and economic* 
expansion are expected to increase demand for energy, 
nsing energy pnces are resulting in improved efficien- 
cies, This will be important to avoid a decreased^fandard 
of living in/he United States. An array of Federal Gov- 
ernment conservation tax credits are stimulating major 
efforts to eliminate waste by encouraging modifications 
of equipment and processes, and by modifying consumer 
investment and energy usage habits. The Federal agen- 
cies are continuing R&D activities on generic basic re- 
search activities that the private sector is unffkely to 
• perform. In adcjition, Federal grant programs «re being 
restructured to achieve increased State and loqal control. 

TRANSPORTATION TECHNOLOGY 

The United States expends more than 30 percent of its 
energy resources (at least 52 percenbvof the Nation's 
liquid petroleum consumption) on 'transport. 11 Economic 
forecasts indicate that automotive energy \isa*ge will de- 
crease during the, 1980s, but will graduall\ increase in 
the following decade. Aircraft and truck eoer|y con- 
sumption is expected to grow dramatically during the 
next 20 yeaft. In tlje short term, improvements in the 
design of conventional vehicles can be achieved through 
down-sizing, weight reduction, streamlining ana mod- 
ifications in engine design. In the longer terrr^ new and 
more fuel-efficient transpori^echnologies and alternative , 
fuel concepts will be required. 



Propulsion Systems 



Many propulsion system options have been explored\ 
pnmanly by the private sector, in hope of improving\ 
efficiencies while maintaining exhaust emissions below 
levels required by the Clean Air Act. The systems include 
greatly improved, small, conventional engines with ad- 
vanced electronic controls, gas turbines, and SHrling 
engines. The alternative engine technologies that are 
being explored have certain charactenstics that may 
make them attractive as standard liquid fuels increase in 
price and become less available. For example, the Stir- 
ling engine can be operated on a wide variety of alter- „ 
native -fuels, including liquid fuel of relatively poor 
q uality. _____ 



The Department of Energy, Department of Transpor- 
tation, and NASA will continue to support generic re- 
search in such advanced technology areas as combustion 
processes; while leaving the development of specific 
engine systems primai^y to the private sector. 
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Weight Reduction >~* 



tion. In many, instances, because of currently high in- 
terest rates and capital cost, retrofitting for energy 



Automobile manufacturer? are achieving improved fuel conse rv a tion is still not economical. Conservation tech 
economy by. reducing vehicle weights, which * d,ffi ^K^i que s are likely to be incorporated in new or .replace- 
without sacrificing carrying capacity or introducing hi|li^ M facilities , and equipment— although.replacement or 

expansion will require decades to make an impact. 

Areas that offer industry unusual potential for im- 
proved efficiency include direct heating processes, es- 
pecially in the most energy-intensive utilities and in- 
dustries; jecovery of industrial waste. energy; and 
substitution of alternative energy sources for conven- 
tional fuels and fe^ktocks. « 

Government iijcffitives, through taxxredits, ar^avail- 
able to promote fuel conversion (e.g ; , oil to coal), mod- 
ification to existing equipment, improved process con- 
trais,'etc, as defined in the Energy Tax Act of 1578. 
1 Decontrol ot oil prices is also expected to have a major 
impao**on increasing enfergy-use efficiency. , 



cost and energy-intensive materials. Materials research, 
. possibly in synthetics and othersubstances, is expected 
to help. The reduction in vehicle weight, of course, will 
require/Sf)ecial attention to* crash protection design 
aspects. 

Aerodynamic and Fractional Losses 

Air resistance to the movement of a- vehicle increases 
approximately with the square of the vehicle's speed, 
and the engine power required to overcome that friction 
normally increases with the cubs, of the vehicle's speed. 
. Consequently, very small redytfions in an automobile's 
air resistance can significantly increase efficiency. Also, 
future development by the private sector of lower wear 
\^ and lower fraction oils and lubricants to reduce other 
types of* friction is expected. 

* Electric and Hybrid Vehicles 

Electric vehicles, or hybrid versions 'that utilise me- 
chanical storage or small conventional engines, could 
become a preferred mode of transportation in urban areas 
for commuting,' for small commercial and industrial 
users, and for limited personal transportation. The major 
obstacle to' extensive use is present-day batteries. Lead/ 
acid batteries currently in use are expensive.and "provide 
very limited performance, present conv£ntj/6nal batteries 
have a capacity to *tore 30 watt hours' per Kilogram 
(Wh/kg)^esearch has concentred on ^improved lead/ 
acid, niclel/iron, and nickel/zinc batteries for the near 
terra. For example, nickel/zinc batteries can provide a 
capacity of 60 Wh&g^r^ two-folcj improvement over- 
coruwitional lead/acid cells, ^ork has begun on a zine/ 

* cWoiiae battery and a new lithium battery, both of which 
are showing promise for the mi(l term. Thd major longer 

* • ' range possibilities indudejithium/sulfur and sodium/sul- 
fur high-temperature batteries, ambient temperature 

* alkahn^metal technologies, and metal-air combinations 
suck as aluminum-air. * 



INDUSTRIAL TECHNOLOGY 

The industrial sector consumes a bojlL38 percsnt °f U.S. 
energy, and manufacturing accounts for nearly 79 per- 
cent of that" total. 14 Energy savings through the exploi- 
_tation_of technology fo r cost- effective operational prac^ 
tices have already been significant. The , increasing 



BUILDINGS AND COMMUNITY 



CONSERVATION R&D 
SYSTEMS ^ 

The buildings sector uses about 38 percent of all primary 
energy in the United States, about two thirds of which 
is for residential buildings (about 81 million uijjts), with 
the remainder used in commercial applications. 15 It has 
been estimated that over 80 percent of residential build- 
ings require modifications to respond in a cost-effective 
*way to the new energy realities, and commercial build- 
ings can similarly prbfit from energy-saving technolo- 
gies. R&D initiatives need to focjus on gaining a better 
understanding of energy losses in buildings. 

Private sector initiatives will be utilized to stimulate* 
retrofffting of both commercial and residential buildings. 
Overall, for both industrial and residential applications, 
the value of tax incentives for energy conservation is 
expected to be approximately S800 million in fiscal year 
1982. 

I 

ENERGY RESEARCH AND TECHNOLOGY BASE 
-SUPPORT * 

Underlying the major programs for energy technology 
developments in both the public and the^private sectors 
is a wide range of research activities that involve work 
in such traditional disciplines as Jhe physical and bio- 
logical*sciences t geosciences; engineering, and mathe- 
matics. Those activities extend the knowledge base upon 
which-the Nation can build future energy supply, con- 
version, and end-use options, and- improve our under- 
standing of the bagjc .processes fundamental to energy 



denfaacLfer energy-efficient products in response no ris- 
ing energy costs is now stimulating industry to develop 
more energy-efficient product lines and to explore prod* 
uct-specific technologies for reducing energy consump- 



^s^s^evelqpmSK The *misSi£n-oriented programs 
of the Department of Energy, in addition, emphasize 
innovative applications of new knowledge to 'energy " 
problems and the early transitions Qf such information 
into commercial practice. 
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In general, research efforts tend to be a long-term 
investment with little immediate impact, sitfce discov-. 
eries made today are destined to find their w^y into 
commercial systems man> years in the future. Because 
of the long r leadtime^ and the risks involved, industry 
cannot provide significant support for such efforts, and 
government is the principal sponsor. 
In the following sections, highlights of some of the 
< more fundamental supporting research efforts in energy 
are described. Also included here is the nuclear fusion 
program because of its early st^ge of development. %B 

MATEI&ALS SCIENCES 

,One purpose of work in the materials sciences is to pro- 
vide the necessary base of knowledge and the new ma- 
terials required to adv ance the Nation's energ) programs. 

During 1981, the Intense Pulsed Neutron Source 
(IPNS) located at Argonnq National Laboratory, will 
become operational. It is designed for production of neu- 
trons to e\tend our ability to study the structures of fcoth 
solids and liquids. 

'Also in 1981 , the National Synchrotron Light Source , 
(NSLS) at the Brookhaven National Laboratory will be- 
gin to provide radiation that is stable, pulsed, highjn 
intensity, and continuous in spectrum from the k 'soft ,v 
X-ray region of 10-20 angstroms through the. ultraviolet 
range. 'Some of the expected applications arfe to study 
the state of behavior of gases and the.surfaces of solids, 
to study active metal atoms in biological systems, to 
analyze atomic structure of microscopic samples, and to 
further advance knowledge aboift microscopy and 
lithography. ^ 

* 

CHEMICAL SCIENCES 

Energy-related 'research activities in the chemical sci- 
ences cover topics ranging from energy-related phenom- 
ena involving liquids, gases, plasmas, (antf the chemical 
properties of such solids as coal, chlorophyll, and cata- 
lysts)* to phenomena and behavior of such submicro- 
scopic particles as molecules, atoms, ions, and electrons. 
Some areas, like research on the chemical effects of 
catalysts, are expected to lead to discoveries that can be 
used immediately by industrial* process designers to 
achievfe previously unattained efficiencies in converting 
fossil fuels to more usabte forms (for example, liquid 
fuels frorh coal). Other areas, like research on water- 
splitting photochemistry to produce hydrogen, the clearf- 
w est of all fuels, are producing results that may be at- 
tractive to solar energy technologists in the mid-term. 

A major new facility in 1981 is the Combustion Re-' 
search Facility (CRF) at Sandia National Laboratory, 
Livermore, California. It will provide a unique capability 
to outside users for combustion research using instru- 
mentation not ordinarily available. The focus is on laser 
diagnostics of combustion systems, but several burner 



Energy 751 

systems (for instance, a turbulent diffusion flame facility 
and a low-pressure flame facility) also are provided. In 
addition, special facilities for research in coal combus-* 
tion and for combustion studies in an internal combustion 
engine are available. 

BIOLOGICAL ENERGY RESEARCH 

Biological energy research is aimed af developing a. 
broad, intensive, fundamental understanding of the fac- 
tors involved in plant biorhass productivity and conver- 
sion of biomass and other organic materials into fuel 
chemicals. Current research efforts are aimed at devel- 
oping deeper understanding of the mechanisms involved* 
in green plant productivity limitations, adaptability of 
plants for growth and productivit) under environmental 
stress, biological regulatory processes that determine 
how plants synthesize and distribute reduced carbon 
compounds, and biochemical expression of genetic 
information. 

FUSION ENERGY RESEARCH 

Nuclear fusion is one of the long-term optiggfcthat can 
provide an essentially 'inexhaustible supplyfoF energy 
(hydrogen from seawater is one fuel option), with the 
additional attractive characteristic that no chemical com- 
bustion products are released. Extensive R&D will^ be 
required to attain commercialization of a fusion energy 
production system. Two approaches are being pursued, 
magnetic confinement and inertial confinement; the lat- 
ter,' .however, is further from commercialization. Fusion 
power costs have been estimated to be "similar to fast 
breeder reactor power costs, although insufficient data 
are available to calibrate and verify the accuracy of the 
cost projections. s ' ^ 

Magnetic Confinement Systems , 

Magnetic confinement fusion energy research is aimed 
at achieving controlled nuclear" reactions suitable for 
commercial use. Scientific and technical problems of 
confining high-temperature plasmas (gases heated to tens 
of millions of degrees) at sufficient densities and for 
sufficient time periods must be resolved. Progress has 
been encouraging, especially in the last 5 years, and it 
now appears possible to create and control a plasma of 
burning fusion fuel with equipment of reasonable size. 
The requirements for plasma temperature, density, and 
confinement duration for an energy production system 
are close to fulfillment, although the reactor-required 
levels for 'all three have not been reached at the same 
time in any one machine. Near-reactor conditions will 
be combined in the Tokamak Fusion Test Reactor 
,(Ti^) jww being built in Princeton and scheduled for 
initiaPOperation in 1982. In 1985, that machine is ex- 
pected to reach energy break-even, where the energy 
produced equals the energy used to reac^i fusion con- 
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ditions. Research will ako continue on toroidal and mir- 
ror cogcepts so that the most promising fusion cores for 
commercial reaat<jrs can be identified and developed fur- 
ther.. At the same tqrie, R&D on structural materials, 
engineering system design, plam^dgsigr^matenals han- 
dling, and environmental safety will be^pursue 

Inertia! Confinement Fusion Systems 

Research on mertial confinement fusion is aimed at dem- 
onstrating thermonuclear burns by depositing large 
amounts qf energy (via light or heavy ion beams) in an 
extremely short time onto target pellets containing fusion 
fuel. Research and development directed tQward inertial 
fusion energy^svstems serve two goals, the maintenance 
of a capabilitys in the national nuclear weapons labora- 
tories to, address nuclear weapon Resign problems and 
the development of an alternative approach to fusion 
energy production. For the inertially confined systems 



for energy production, such required technologies as 
high repetition pellet driers, pellet placement systems, 
fusion chamber materials'7 power supplies, and remote 
mainfenance remain to be developed and demonstrated. 

Inertial fusion is tfill in the exploratory development 
_stage, with much basic research to be done toward un- 
derstanding the physical processes v that occur in the rapid 
compression and heating^of very small masses of deu* 
terium-tritium (D-T) fuel to fusion conditions. It is 
widely believed that onl> a thorough understanding of 
inertial fusion physics, and of very high energy and high 
power target dnver sources at levels not now available, 
will make it possible to demonstrate the scientific fea- 
sibility of inertial fusion. Demonstration is not likely to 
occur before the end of the present decade The highest 
power laser, driver system under construction, NOVA, 
is primarily intended to study inertial fusion physics and 
to provide design information for advanced generating 
systems^ * % . ' • t 
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HIGHLIGHTS 



f Progress in life sciences research gives every indica-. 
tion of continued vitality. Examples of areas receiving 
particular attention include genetics (both 'human and 
plant); biochemical electronics; cognitive science; and 
population environment, and global resources studies. 

• "Extensive use of sophisticated instruments and satellite 
data will foster research about Earth and other planets. 
Specific topics for study include planetary atmos- 
pheres, evolution and dynamics of Earth, biogeo- 
chemical cycles, and ocean processes. • . > 

•- Advances in physical sciences and mathematics hold * 
promise for great national benefits. Elementary par- 
ticle forces, public key cryptography, ultrarapid phe- 
nomena, and development of new materials with spe- 
cial properties are among a large number of topics 9 
currently of great interest. 

• Engineering affects virtually every segment ofoociety . 
. New developments ift robotics, microengineering and 

-microstfuctures, information technologies, and laser 
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technologies will Contribute to the strength and welfare 
of the Natidn. 

■ • 

INTRODUCTION 

• Activities classed las general science and technology are 
those that are not focused on any' Specific mfssion— 
applications of the research results generally are not 
known beforehand. That is not to say there is no urgency 
to their'pursuit. There are'many instances of unforeseen 
practical benefits flowirfg from fundamental research in 
science and engineering. An example is provided by the 
new recombinant DNA technologies, with their potential 
applications in agriculture and medical practice. Those 
technologies emerged somewhat unexpectedly from 
basic research on the dynamics ^of cellular processes. 
Dramatic advances of that magnitude have occu#sd with 
such frequency that their arrival now has become ex- 
pected. As they surface, new devices, new processes, 
2nd even entire new fields of commercial activity can 
arise in a relatively short time. 

Research in general science and technology stems both 
from the peeds,of mission organizations for new infor- 
mation and techniques to achieve their objectives and . 
from the needs of society. Unfortunate^, fundamental 
information about our world is frequently costly to otyain 
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and is not ordinarily protected by patent regulations. 
Many commercial enterprises are therefore hesitant to 
sponsor such activities without financial support from 
the Federal Government. Other countries have under- 
taken collaborative effortj involving industry and gov4 
emment to promote the national research fpsition; im- 
proving such collaboration in basic science artd engineering 
also promises much for the United States. 

This paper describes selected areas of research that 
will expand the general science and engineering knowl- 
edge base, highlighting promising areas of inquiry in the 
life sciences, earth and planetary sciences, physical sci- 
ences and mathematics, and en£j§£££jng. 



LIFE SCIENCES 

Reeent progress in the life sciences has been' dramatic 
and gives every indication of continued vitality. Re- 
searchers in the life sciences are, with great success, 
adapting instrumentation and experimental methods de.- 
veloped for the physical sciences. New ways of looking 
at living systems, their mutual interactions, and their 
relationships with the environment are providing new 
understandings and provoking innovative lines of re- 
, search and development. 

• '1 

GENETIC SCIENCE * 

Since 1953. when the Watson-Cnck model of the struc- 
ture of DNA was proposed, advances^ in understanding 
molecular biology have^come With extraordinary speed. 
Two related technologies, gsne cloning and rapfd DNA 
sequencing, have opened up avenues for research and 
areas with promise for commercial activity. It is not yet 
clear when genetically engineered products will reach 
the market, but few doubt that they will. Possible prod- 
ucts for commercial development include vaccines, in- 
sulin,, and interferon— substances that now are very ex- 
pensive and in short supply because of limited raw source 
materials and costly, time-consuming 'manufacturing 
processes. 

•The first "cloning" of mammals was accomplished 
recently at the University of Geneva, Switzerland. The 
experiment involved transplanting embryonic mouse nu- 
clei into several recently fertilized mouse eggs from 
t which .the original nuclei had been removed. The altered 
eggs were then implanted in the uteri of mice and carried 
to birth. The prospect of extending such experimentation 
to humans has raised difficult ethical questions, and a, 
debate is now building over such pursuits. 
* Genetic engineering of living systems (im the sense'of 
transferring different genfes into existing cells) is a more 
diificukjyrt Ultimately more exciting prospect. Although 
still at a'v^^ari^stage, gene trartsfer research has made 
considerable progress. Recombinant DNA technology 



enables researchecs«to prepare individual genes that can 
be taken up by cells and ? incorporated*into the inherent 
genetic material. Among the long-term prospects for the 
technology is the development of specialized organisms 
that 'can do such useful tasks as fixing nitrogen in the 
soil or decomposing environmentally threatening oil 
spills. The possibility of altering genetic materials in 
human cells suggests that we may be able to treat genetic . 
diseases or predispositions for disease among human 
populations through gene transfer. . • 

* ~* 

PLANT GENETICS ■ jf 

Many exciting opportunities exist in*plant genetics. The 
selective development or alteration of plant species offers 
the possibility of adapting crops to increasingly stressful 
environmental conditions or to resource constraints. As 
a result of increased demands for fresh water in all sec- 
tors, the world's ground and surface waters are becoming 
saline or contaminated. In addition, the worldwide loss 
of agriculturally productive lands is forcing the culti- 
vation of less congenial soils. Particularly in arid and • 
semiand regions, insufficient natural precipitation re- 
quires the extensive use of irrigation, and frequently the 
water used has high levels 6f various salts. Moreover, 
increased usage of ground waters in coastal regions ■ is 
increasing the infusion of seawater into the subsurface 
supply. In the past decade or two, plant scientists have 
*been focusing more attention on those wild plants that 
thrive in oceans, estuaries, salt marshes, and*)ther saline 
circumstances. Their tolerance to salt is hot yet well 
understood, but studies of mineral and/particularly, salt 
transport in plants arejjromising. . 

Several agricultural plants show reasonable salt tol- 
erance. Barley js the most salt-tolerant grain |rown on 
a large §cale, and certain wheat ^pecios exhibit sonie salt 
tolerance a$ do some heretofore commercially- ujie\- 
"^pKoTed varieties of tomato. Substantia? work is already 
« being done on selection and breeding of wheat to develop 
strains with high tolerance for environmental stress. 
While only 4 of the more than 2,000 wheat species are 
extensively cultivated, there are over 200 wild species 
with growth characteristics that might be cross bred into 
cultivated wheat'to yield more tolerant strains Break- 
throughs in plant genetics may provide a. capability to 
engineer a wide range of crops for specific environmental 
conditions. 

Siochemical' electronics 

Stydies have found 'that certain biological structures per- 
form electronic and chemical functions that can be rec- 
ognized as ^ated channels, power supplies, pumps, sen- 
' sors, and transducers. The lipid membrane of the living 
- cell* is a v\ry thin (in the order of -5-10 nanometers) but 
intricate biological structure that has complex chemical 
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and electronic properties The characteristics of the cell 
membrane are coming under increasingly detailed study 
through the use bf electron microscopy, revealing such 
extraordinary traits as the* control of electron transfer 
both along and across the membrane. Scientists believe 
that those effects play an important role in the respiratory 
and energy conversion functions of living systems and 
in other fundamental processes. Breakthroughs in relat- 
ing the microstructure of such membranes to total system 
9 characteri sties and , in developing techniques to selec- 
tively alter or control the membranes to produce desired 
effects could propel this rjpld forward very rapidly. 

COGNITIVE SCIENCE 

The detailed relationship between large-scale manifes- 
tations of thinking and specific neurophysiologic activity 
can not yet be established, nor can the relationship be- 
tween neurophysiologic activity and biochemical prop- 
erties of the system. Discovering those relationships will 
be central to the expected rapid and exciting develop- 
ments in cognitive science. Advances m that direction 
will have implications for the development of artificial 
intejligenee and for advances in medicine. 

Artificial intelligence research focuses, for obvious 
reasons, on making computers do such "smart" things 
as play sophisticated games or learn to make selections 
from a broadly defined field. But the inherent strengths 
of computers (speed, perseverance, precision) may not 
be the crucial charactefri sties for doing "smart" things. 
A better understanding of the cognitive process could 
. lead tp radical changes in the ijiachinery of artificial 
intelligence. t 

The relationships of cognitive abilities to the environ- 
mental and nutritional influences on human beings could 
be particularly important in dealing with psychological 
disorders and in fosteriflg high performance under stress- 
< ful conditions. 

POPULATION. ENVIRONMENT. AND GLOBAL RE30URCES 

^ variety of recent studies have predicted, on the basis 
of what is now known and with the continuation of cur- 
rent policies, a steady increase in population, particularly 
in already overpopulated areas; a steady degradation of 
the global environment; and rapid depletion of many of 
the world's important patural resources. Those studies " 
• have identified and documented those irends but did not 
propose solutions. To be effective, solutions will require 
not, only an extraordinary degree of international coop- 
eration and agreement but a considerably improved base 
of scientific information. 

Some areas in need of attention include the use of 
remote and onsite sensing to monitor the environment 
and provide information for the discovery and manage- 
ment of natural resources; the complex interrelationships 



General Science and Technology 755 
among the physical, chemical, biological, and geological 
aspects that determine atmosphere and ocean behavior; 
and the modeling of projected needs and conditions. 



EARTH AND PLANETARY SCIENCES 

The earth and planetary sciences are characterized by the 
need for extensive, sophisticated observational facilities. 
Satellites for viewing' conditions on other planets or re- 
motely sensing Earth's atmosphere' and surface are 
^mong the rrfost e^pensjfve research platforms, but sig- 
• . nificant studies of th^dceans, Earth's crust, and atmos- 
pheric dynamicsurfT require large investments in obser- 
vational tools. Several key areas'are described below. 

PLANETARY ATMOSPHERES • n 

Theories of Earth's atmosphere, which are based on ob- 
servations within the atmosphere, have a limited set of 
facts to work with and may, therefore, be fatally flawed 
The atmospheres of other planets, particularly Mars, 
Xfnus, Saturn, and Jupiter, while stnkinglv different 
from Earth's, .provide cases against which general at- 
mospheric theories or models can be tested/ 

An example of the usefulness of a broader perspective 
is the variation of mean temperature of a-planet's surface 
from equator to pole. On Earth this variation^ on the 
order of 15 percent and might be rationalized on the * 
basis of the complex wind and water Bow plterns gov- 
erned by Earth's rotation. By contrast, the Variation on 
y Whus is onfy 2 percent and on Mars, 40 percent. Ro- 
tation effects seem inadequate to explain that range. Fur- 
ther studies suggest that the effects of atmosphenc^pres- 
sure on temperature mixing are important,, that idea has 
led in turn to a better understanding of temperature var- 
iations on I?arth. 

In the next few years, analysis of the recent Voyager 
planetary probe data will provide a tremenclgus amount 
of new information on planetary atmospheres and is ex- 
^ pected to stimulate new approaches to the general theory 
of Earth's atmosphere. , 



ERLC 



EVOLUTION AND DYNAMICS OF EARTH 

In the l$sr decade and'a half; the*crustal dypamism of 
Earth has' become better understood. The fragmentation 
of the crust into plates and the phenomena that arise from 
plate motion and intersection continue to be studied in- 
tensively. Deep sea drilling or coring studies have been 
remarkably successful in elucidating the nature of the 
subocean crust and the sea floor. Continental crust drill- < 
ing also holds great promise £or providing a better- un- 
derstanding of Earth's evolution and current configuration. ' 

Earth's structure has a proround^nfluence on volcan- 
ism,' earthquakes, and climate. They, in' turn, greatly 
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affect the world's societies. Although large strides have 
been made in the.technical basis for forecasting volcanic 
eruptions and earthquakes, there is as yet little hope that 
they can be predicted precisely in the near future, let 
alone influenced. Nevertheless, continued systematic 
monitoring .of volcanoes and earthquake regions, plus 
fundamental research into the nature of Earth's structure, 
could* eventually provide a basis for dealing with such 
phenomena. 

Efforts to better characterize Earth and its crust have 
immediate beneficial side effects. Drilling and coring 
activities provide information of interest to geologists 
searching for mineral and fuel resources. In the next 
decade, it is expected that a closer integration of pla- 
netary sciences and practical geological sciences will 
result in both a better understanding of the origins and 
nature of Earth and an improved ability to locate Earth's 

natural respurces. 
Since the formation of the planet, there have been 

important changes in Earth's rotation vector. A compre- 
hensive model of global dynamic processes must include 
lanTdentificatipn of causal relationships for changes in 
'Earth's polar motion and rotation rate, motion:? of Hje 

major crusta^plates and nature of their driving forces, 

and accumulation and relief of crustal strains and 

deformations. , 



BIOGEOCHEMICAL CYCLES 

In the lastldecade a great deal of interest has emerged, 
among scty ntis^s as well as governments, on the prob- 
lems of acid rain, atmospheric carbon dioxide buildup, 
and fluorioc^bon depletion of ozone. Those problems 
are all linked and are also intertwined with a yariety of 
factors that affect the chemistry of the global atmosphere 
including Earth's flora and fauna, human activity, the 
influx of solar radiation, and the physical and chemical 
characteristics of Earth's surface. 

The problems ' mentioned above are complicated by 
heterogeneities of sources. For example, in the case of 
acid rain, a significant fraction of the acid is deposited 
by .direct dry fallout of airborne chemical* emitted by 
smokestacks and vehicle tailpipes rather than as a part 
pf rain. That means that the solution must take into 
account not only the chemistry of the atmospheric system 
but the specific nature of sources and deposition patterns. 

There is hope that in the next few years remote sensing 
Will provide a better understanding of the chemistry of 
the cycles of carbon, nitrogen, phosphorus, and sulfur, 
as well-as the other materials in the atmosphere (includ- 
ing trace metals and oxygen). With improved knbwl- 
edge, the possibility of solving, or at least ameliorating, 
the problems of acid rain, atmospheric carbon dioxide 
buildup, and 'depletion of ozone should improve. 



OCEAN SCIENCES 

A mere two decades ago, oceanography was conducted 
in an entirely different manner than today. Then, small 
groups of researchers made occasional forays to gather 
individual measurements of such parameters as temper- 
ature and retrieved samples of water and sea floor sed- 
iments for later -study. Today, ocean research is more 
frequ^atly'done by large teams, often international in 
composition. It involves far more sophisticated batteries 
of onsite measurements and makes use of remote sensing 
from airplanes' or satellites. 

The largest and longest concerted ocean research effort 
was launched in 1970 as the International Decade of 
Ocean Exploration (IDOE) That program, recently con- 
cluded, has produced a large amount of information on 
the dynamics and processes of the world's Weaps and 
has seen the research community through an exception- 
ally productive and exciting time. 

The next-few years will probably focus Both on syn- 
thesizing the vast amount of data generated by IDOE 
into a better understanding of the^ ocean system and on 
following up on recent exciting $scoveries. For exam- 
ple, the newly detected hydrothermal vents in the ocean 
floor from which heated seawater is continually evolved 
and around which colonies of extraordinary plants and 
• animals have formed could play an important role in our 
knowledge of the ocean Ufe hierarchy. Satellite remote 
sensing will probably increase in importance for moni- 
toring surface phenomena as well as for providing in- 
dications of deep-lying properties. , ' - 



PHYSICAL, SCIENCES AND MATHEMATICS* • 

In no other field is the span of research activities or the 
promise of national benefit greater than in the physical 
and mathematical sciences. Generally, agtivities here 
find rapid application in innovative devices and processes 
that have an impact on the economy, in the development 
of techniques useful in national defense, and in providing 
fundamental information for many other fields of science 
•and engineering. t «*> t 



ELEMENTARY PARTICLE. FORCES 

The number of identified elementary particles batf in- 
creased from the single atom, postulated by the ancient 
Greeks, through the simple triad (electron, pfoton, neu- 
tron) of the late 19th and early 20th centuries, to the 
array of quarks (five types already discovered, each hav- 
ing' three qualities), hadrons (heavy particles)* leptons^ 
(light particles)', and, of course, photons. Interactions' 
among these particles appear to be of three-types: strong 
forced, needed to explain the binding together of nuclei;' 
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weak forces, neededjto explain nuclear decay; and elec- 
tromagnetic forceY extrapolated from macroscopic 
experience. 

The three types of forces seem to* describe adequately 
the nature of interactions at distances down to about 
lO" 15 cm (ablrut 1 percent of a proton radius). That is 
the shortest distance probed in today ? s particle acceler- 
ators. While it is not known what really happens at 
shorter distances, it is' believed that at distances of the 
order of 10- 9 cm all three forces will give essentially 
the same results. Conditions responsible for "disunify- 
ing" the forces at greater separations have not been dis- 
covered but could provide an important clue in the search 
for a unified field theory. 

It is hopeless to consider a laboratory experiment to 
probe such shph distances because the energy needed 
is many orders>of magnitude beyond what could be con- 
ceived in terrestrial devices. However, the postulated 
"big bang" creation of the universe implies a radius of 
the'order of 10" 29 cm in very early stages of expansion 
(in JO- 40 seconds), and it is possible that astrophysical 
observations could provide information relevant to the 
initial unified fields in the universe. Moreover, the "dis- 
"vunification" of interactions at that early stage could be 
HJjked to such astroptysical questions as why the uni- 
ve^te made mostly of matter rather than antimatter. 

GRAVITATIONAL LENSES 9 

Einstein's general theory of relativity predicts the bend- 
ing of electromagnetic radiation in gravitational fields. 
The phenomenon has been observed many times, for 
example, where light or radio weaves from a distant object 
pass close to the Sun. Recent evidence has been found 
of a gravitational lens, due apparently (o the preserfce 
of a massive galaxy between us and a distant quasar, 
that created multiple images of the quasar. Three separate 
optical images and two radio images were produced. 
Two of the optical images were quite close, and for a 
time it was thought that the pair was actually a binary 
quasar system. 

The significance is twofold. First, it is extraordinary 
4 that the explanation of the twin quasars^came in a time 
' as short as the 8 months devoted to the problem. In this 
field, progress is usually much slower. t Second, the oc- 
* cuq-ence pf a gravitational lens provides further*support 
for. and clarification of the general theory of relativity 
but $ould greatly complicate the interpretation of astro- 
nomical observations, particularly of the most distant 
objects. 

IXTRARAPID PHENOMENA • 

The continuing development of such experimental tech- 
niques as laser spectroscopy and molecular beams, ca- 
pabie*of probing very rapid chemical teaAions, holds 
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promise for unraveling .the progression of transition 
states in going from the initial reactants to the final prod- 
uct. Such states last for very small fractions of a secotfd, 
about a nanosecond. (10" 9 sec) or less. Probjng of in- 
termediate states in a reaction gives insight into the fac- 
tors that govern reaction speed and promises to help in 
'developing analytical theoretical methods for determin- 
ing not only overall reaction rates in complex systems 
but in identifying critical stages for control and manip- 
ulation/of reactions. 



MATERIALS DEVELOPMENT 

* f • 

The development of new materials having special opti- 
cal/thermal, electrical, or mechanical properties contin- 
ues. Those developments, while closely connected with 
improved fundamental knowledge, frequently are quite 
close to practical applications. Such amorphous bulk 
materials as glasses, are being developed for particular 
optical and electro-optical characteristics. For example, 
glasses with certain ingredients can serve as % optical ele- 
r ments with precisely engineered spectral pass bands and 
attenuation patterns'. Amorphous semiconductors hold 
promise for use in inexpensive specialized electronic 
components. Amorphous metals are being developed and 
marketed with mechanical strength, corrosion resistance, 
and magnetizability in mind. If amorphous metals were 
used as transformer cores in residential power distribu- 
tion systems, power losses of the order of $500 million 
per year might be avoided. 

Knowledge of material surfaces is key to understand- 
ing such phenomena as corrosion and catalysis. The im- 
proved ability to sjudy the properties of electrons ejected 
from surfaces by light or X-rays reveals much about the 
chemical and physical structure of the surfaces and the , 
materials interacting with them. 

Political pressures that affect the Nation's supply of 
critical materials are driving research both into new tech- 
niques for recovering available resources arid into de- 
velopment of replacement materials having equivalent 
properties for specific applications. Ion-beam implanting 
of substances that cannot be mixed chemicallyjs yielding 
materials with desirable properties that can replace cer- 
tain critical materials whose supply is threatened. 



ENGINEERING .SCIENCES 

The reinvigoration of the engineering sciences and the 
vastly increased demand for engineers bear witness to 
the promise of this area for improving the strength and 
welfare of the Nation. Engineering affects virtually every 
segment of society, and ultimately the solutions -to so- 
cjety's problems will rest on bur engineering abilities. 
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ROBOTICS 

Automated manufacture may help solve industrial pro- 
ductivity problems. Robots (computer-controlled ma- 
chines) have successfully replaced human workers for 
sucjj unpleasant or dangerous jobs as painting and spot 
welding. Recent progress in the development of visual 
and other sensors, as well as improvements in control 

• language, promises much wiBer use of robots in ever 
more complex functions. However, widespread use of 
the robot is still constrained by the need for better com- 
puter programs, improved communication, sensors, and 
mechanical flexibility. Today's robots are slow and lim- 
ited, but development is rapid, and the time, when the 
robot may successfully compete on a large scale with 
human workers in such complex activities as parts as- 
sembly may not be Jar off. It would be advantageous for 
the United States to pursue robot technology aggressively 
to maintain a competitive edge in industries likely to 
manufacture and use robots. The use of robots will re- 
lieve woflcers from monotonous and dangerous jobs, 
while* opening up new career fields in robot industries 

M ICROENGINEERING AND MICROSTRUCTURES 

New, techniques for generating ultrasmall (about^ 50 
atonls across) features on materials have been developed 
and promise a new generation of micpengineered elec- 
tronic components. This is a^Mtep toward the goal ' 
of constructing electronic systems on the macromolec- 

ular scale. . . 

Optical technologies are making $ffbads in digital 
computing. They offer higher densities of information, 
more rapid computing, and advantages in storage, dis- 
play, and transmission of d^fe. The blending of optical 
technologies and more conventional electronics at the 
microstructure level promises a new generation of de- * 
vices Xhat will be useful in computing, communications, 
control, and information handling. The ability to.engi- 

• neer sjructures on a smaller scale increases the degree 
to which specific electronic or electro-optic components 
can be crowded onto a small chip. Very .large scale 
integration of such components promises to make so- 
phisticated capabilities both affordable and convenient 
enough for mass markets. N 

INFORMATION TECHNOLOGIES 

Since 1959, when integrated circuits were first intro- 
duced, microcomputer densities have doubled yearly; 
reliability, . every 2 years; and operating performance 

. every 3 years. 'The costs "of processing and storing in- 
formation have fallen at a similar pace. In telecommun- 
ications, the channel capacity of a single communications 

' satellite has doubled every 2 l / 2 years since the first such 
satellite was launched in 1965, while the required in- 
vestment 'has declined at roughly the same rate. Recent 



' advances in processing and* storage mean that the'costs 
of computer-based communications are virtually inde- « 
pendent of distance, and that multiple users need not use . 

' the same ciriuit at the sjime time. 

Fiber optic cables that can carry thousands of voice 
circuits are now possible, «nd they cost substantially less 
than copper cables. As an information carrier, light has 
far greater capacity than lower freqi^ency radio waves. 
Optical systems offer the promise of higher speecf„finer 
resolution, and, forcertain.applications, more efficiency 
than current'systems. Advances are coming in the de- 
velopment tff sensors (character readers, for example) 
and pattern recognition and output devices (printers, for 
example). As transmission lines, optical fibers are stead- 
ily Being improved in tteir fidelity and power transfer 
characteristics. Great strides are being made in the de- f 
velopment of optoelectronic elements (devices combin- 
ing optical and electronic signals) to perform such func- 
tions as modulation, amplification, logic, and information 
storage. 

Information science and technology hav^an important 
global dimension. Transnational data flows and their re- 
lation to questions of privacy and proprietary interests 
form an important international concern. M^ny'countnes 
now participate in UNESCO and other'intergovemmentaF ' 
activities jn the field of "informatics.'' In the last 3 or 
* 4 years, there has been an increasing effort, particularly 
by developing countries, to establish international prin- 
ciples for, the 4 ' 4 Nfew International Information Order" ■ 
^that would, among other things, give .governments con- 
trol over news media, a notion unacceptable to the United 
Staftes. 



LASER TECHNOLOGIES 

I The improving ability of lasers to deliverracjiant energy 
of relatively high spectral purity and either short pulse 
or continuous duration Ms opening new avenues of re- « 
search into the mechanisms of chemical reactions and 
the structure of molecules. As a research tool, the laser 
is becoming more, widespread in use and, in many cases, 
less expensive. 
There are commercial applications for lasers in a va- 

4 riety of areas, including telecommunications, wheVe op- 
tical syslems use laser repeaters in fiber optic transmis- 
sion, lines; in. medicine, where laser surgery, particularly 
on the intricateanatomy of eyes and ears, allows results' 
n6t possible a 'few "years ago; in manufacturing, where 
laser heat treating, annealing, and cutting operations are 
more precise and controllable than more traditional meth- 
ods; and in control applications, where precise sensing 
(for example, location of a device or presence of con- 
taminants in a region) is needed to actuate a response. 

In the near future, new lasing materials, new methods 
of storing energy in lasers, and new techniques for in- 
ducing and* controlling the lasing process are expected 
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to'continue expanding the realm of utility for lasers in 
general. The free-electron laser, which is essentially an 
electron beam interacting with an optical beam, has high 
intensity and is tunable across a wide spectrum, from 
mitrowave frequencies into the ultraviolet. As a tunable 
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laser, it h$lds promise for improved laboratory investi- 
gations and is a prime candidate for a high-energy laser. 
The carbon dioxide waveguide laser is b^jjrg developed 
rapidly and promises extremely long. life (10,000 hours) 
and long shelf life (several years) in the near future^. 
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HIGHLIGHTS 

• The world's tropical forests are disappearing rapidly » 
as expanding populations seek wood tQ< hum,' raw 
materials, and land for agricultural'iises!* Among the 

• serious direct consequences are * increased* floods,, 
water Shortages in drjrpeqods, expanded desert .areas, v. 

. extinction of indigenous plant andjaninial Species, and 
the ^possibility of both short- &nd» long-term clkhate * 
impacts. A Federal interagency task force has assessed 

' the problem and recommended solutions both* Bo-* 
> ^ mestically and^intemationally. . ^ • * 

• Die allocation and distribution of scarce domestic 
m water resources, particularly in the western United 

}* States, must be confronted and solved. The need for 
-water in the "development of^western synthetic fugis 4 
(oik shale specifically) will'compete with the require-* 
rftehts of agriculture and of urban populations. 

• Irrigation, cropping, and grazing on arid lands have 
led in A spme instances to inadvertent "degradation ipf 
fragile areas in a process kn<jwn as desertification. A 
national assessment under the direction of the Interior* 
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* Participants in the task group developing /his section jnchided representatives of the De- 
partment of the Interior, the National Aeronautics and Space Admirn$tration y the National 
Oceanic and Atn>c*phenc Adminur/ation in the Department of Commerce,''** DtpartmenT 
..of AgncuJture.^ thrr>pajtment of State * ' 
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Departments Bureau of Land Management and with 
the cooperation of the Department of Agriculture and 
t oxhit Federal and State agencies will desqrib^he di- 
/mensioos of the problem, causative factors, and suc- 
; cessful technologies to -pre vent* and overcome the ef- 
fects of desertification. - - 

• Satellite remote sensing technology is being used in- 
creasingly for management flf natufal resources and 

, /exploration of nonrenewable, resources. The decision. 

has bf en^ ffiade^ at tfce Federal Jevel to convert the 
. Landsat ren\ote*sensjng system from an experimental 
.7- to an operational mode; that should be^achiev.ed.by 
^the end of thi^tfbcade' 

• Achieving better capability to provide early warning 
( p£ natural disasters. (floods, volcanic eruptiorif, earth- 
quakes, -hurrican/s? and 'tornadoes j*is one of the major 
objectives of aciehce and technology research . 

• Potential jnteloiptions of supplies of some imported 
-strategic ; nonfuel mineral* (cbcomium, cobalt,#plati- 

num, manganese) could impede defense production 
4 andidatfiage thgJJ.S. economy, fefforts myst^fe^made 
to lessen ihe danger through changes in mineral policy 
and better targeted reseateh programs. ** 

• Ocean nodules cbujd be an impqrtgint, future sourceiof 
cobalt; Nickel, and manganese. Recent Federal 4eg- 
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islation establishes an interim procedure for orderly . 
development of mineral resources jn th'e deep seabed 

• until an international regime can be developed. 

• Plans have been developed for conserving and man- 
aging Aarine fishery resources off the coasts of the 

• United States* Hydroacbustics technologies and sat- 
ellite and aircraft remote sensing provide opportunities 
for enumerating {ish populations and learning how 

- changes in the marine environment (from pollutants v 
ordinate patterns) affect the oceans' living resources. 



4 ^ 



UvfTR^DUCTlpN ; f 

\ Throughput history .there have been instances of the 
misuse or overexploitation of Earth's natural resources, 
\ the r£w materials on which oQr highly complex society 
" is tjased. In the United States, th^concept of conser- 
' vation gf natural resources bdgan St the turn of the 20th 
century, and by now most societies accept the premise, 
that natural resources must be developed w*th appropriate 
safeguards. How to do that and still meet Society's eveo- 
\increfc>ing needs has .become* a maj6r challenge for most 
governments.* 
A fundamental question that must be posed in any 
f discussion of natural resources 4s their finiteness. Some 
Q analysts are concerned that our civilization's growth rates. 
. may be limited by the availability of nafciaJ^resources, 
.^wheffeas others feel that science and technology will be 
ible to solve any resource availability problems. -Science 
* * and* technology certainly have an important role to play 
in the management of; the conservation of, and the search 
/ for alternatives for our natural resources. It is toward the y 
opportunities and challenges presflfited by that role that 
, t 4 Federal research efforts must be directed. % - m 



TROPICAL fpRESTS 

Forests arejgteng man's most valuable renewable nat- 
ural resourcMlnd are vital tQ economic development., 
Xhey plvii^^ny useful products and also are of great 
irnportancel^Bf environment since, for example, they 
have a regulating effect on stream flow and lessen soil • 
erosion. In the past few decades one of the most serious 
international environmental problems hasl been the in- 
creasingd^vastatiyi of the world's tropicalVorests. Sev- 

. eral internatiorlaKconferences have examined the prob- 
lem, and theTconsensus is that concerted programs by 
the international community must be launched to prevent 

' the^tnict4n of 9 major portion of the world's tropical 
forests ovefr the next three or four decades. A U.S. Inter- 

• .agency ^ask Force on Tropical Forests consisting of 



'representatives of 12 Federal agencies recently con- 
cluded **the world's tropical forests are indee.d-in jeop- 
ardy, and that serious social, economic f and *eniiron' 
mental costs are being incurred [by forest devastation]— 
particularly by rural populations in tropical developing 
countries. . . [and}1he task-force firmly believes that the* 
U.Sreffprts, meshed efficiently with those of other na- 
tions and international organizations, can rnpke a dif- 
ference." The task force also noted that the loss'-of trop- 
ical forests is^due principally to the largfe-scale conversion 
; of forest land to other tiSes, mainly^ agriculture. 

. Major coasequences*of tropical forest loss are:- (I) 

* destruction of the way of life of tlje indigenous peoples 
in forest areas; (2) disappearance of a considerable pro- 
portion of the world's tree and plant species, many of 
which have not be'en identified, (3) disappearance of 
much. of the remaining wildlife, (4) loss of many new 
genetic resources that might be exploited to provide new 
foods, medicines, textiles, and even fuels, (*5) increased 
desertification,. (6> increased erosion ^nd flooding; {1\ 
lessened* ater availability, (8) worsened carbPn dioxide 
(CO;)* release problem; and (9) loss of the forests' ca 1 

* pacity to provide useful products on a substantial basis 

The U.S. Interagency Task F&ce on Tropical Forests 
submitted its report in mid- 1980 with recommendations 
for a pqlicy, strategy, and program,, In its ' report, the 
task force, acknowledged^ that the^United^tates cannot 

. establish goals for other countries, bufthat it can identify 
important gc^ls Jhat are likely to be in harmony with 
those that most'btKer £ountrie$ wtfujd develop. Among. 

"the "major short-term goals recomro'ended were (1) the 
initiation of. an internationally coordinated action pro- 
gram oA tropical forest research, mortftoring, training, 
education, ^and information exchange; and (2) the dou- 
bling of the worldwidePrate of "reforestation and 
afforestation, j, 

* In* July 198D, when the Gtobbl 2000 Report to the* 

* President was released, -all Federal agencies were di- 
rected to respond to recommendations made by the'Inter- 
agency Task'ForSe'ori Xropical Forests by detailing the 
'st$ps that they* would take to implement the recom-, 
mended programs. The principal natural resource, man- 
agement agencies involved are the Forest Service in the 
Department of.Agriculture; the Bureau of, Land Man- 

, agement (BLM), the; National Park Servicfc^NPS), and 
the* Federal Wildlife Service- (FWS) in the Department 
of the Interior; the National Oo&anioaiid' Atmospheric 

* Administratipn (£IOAA) in the' Department of Com- 
merce;-% National Aeronautics and Space Administra- 
tion (NASA)rthe' National Science Foundation (NSF); 
the Department of State; the Agency for international 

* Development; and the Smithsonian Institution. An "as- 
sessment of their existing programs in^tropical forestry 
is under way, and new initiatives are being planned. 
Over the next 5 years tropical* forestry-will rtceivfc in- 
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creasing attention at all levels and will require greater 
ti » science and technology support. 

* - .WATER JIES^URCES * 
• ♦ •» 

• » , Water and related land resources issues have been the 
V- focus of l&niajor pieces of Federal legislation during 
> the last several decaijes. The most recent was the Water 
Research and Development Act of 1978 (Public Law 95- 
.467>. Major Federal water R&D programs' exi|t in the 
r Department of the Interior, the Environmental Protection 
... Agency (EPA), the Department of Agriculture, and the 
Corps of Engineers, with smaller programs in the. De- 
partments of Transportation, Energy, and Commerce, 
and NASA, NSF, and the Tennessee Valley Adhority 
. (TV A). Under the 1978 Act, the Secreta^f the Interior 
* was directed to devfclop a 5-year Federal wat# resources 
program in cooj>eration with the 54 State and territory* 
research institutes. This was a major program element 
4 in the Department of the Interior^ Office of Water Re- 
search and Technology (OWRT), which will no longer 
be funded as a separate bureau. 

Dwindling or contaminated supplies of fresh water in 
many areas of the country have le'd to increased reseateh 
on the uses of saline watfer. The technology for con- , 
vertingseawater, brackisji water, and other contaminated 
water to useful quality has now reached the demonstra- 
tion stage, and during 1980 three sites were considered 
for water desalting plants (Alamogordo, New^Mexico;,. 
Virginia Beach, Virginia; and Grand Isle,' Louisiana). 
All three plants would use different desalting processes. 
In the nexf few decades, extensive use of desalting tech- 
nology should contribute to solving the problenrof the 
'increase in mineral content in water as it undergoes 
cycles of use and treatment. The drinking water standards 
of the United States specify a safe level of total dissolved 
' . solids of SOO.ppqj for potable water; many of the Nation's 
m ' water supplies do not meet the standard. The Safe Drink- 
ing Water Act broadens the sc6pe of Federal regulating 
authority to include all public water supplies with 15 or 
more connections'or serving 25 or more people. Bringing 
all drinking water up to standard by the year 2000 will 
require that about 1 1 billion gallons per day receive some 
form of desalting. 

^ To minimize duplication of effort and facilitate disr 
semination of data, the Water Resoufces Division 
(WRD) of the TO' S , Geological Survey (USGS) has been 
made the agency for coordinating the water data acqui- 
, t sition .activities of all Federal agencies. In addition, 
WRD cooperates with almost 750 State and local agen- 
jf \ * cies on»a 5 v 0-50 cost basis. The science and technology 
aspect of WRD's research has as its go^l the development 
of sufficient understanding of hydrologic systems to per- 
* " mit quantitative evaluation of the response of these sys- 
tems to either natural or manmade stresses. 
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ARID LANDS 



Desertification is the sustained decline and/of destruction 
of .the biological productivity of arid and semiarid lands. 
A variety of ecological changes destroy the vegetative 
cover and soil fertility in arid and semiarid lands -and 
lead to such problems as vegetation loss, loss of pfefft 
. variety, brush invasion, loss v of animal "population, de- 
cline in yield, erosion by wind ami water, nutrfcnf loss, 
compacting and crusting, salinization of soils, water log- 
ging, water salinity buildup/and sedimentation. 

About one third of the total *world land area is a^ 
and it supports about one seventh of the world popSP 
tion. United Nations studies have identified about 2 bil- 
lion acres worldwide where there is risk of future' de- 
sertification, some 2 ! /2 times the area now classed as 
desert. A major {federally guided U.S? study of deserti- 
fication is under way. The study is coordinated by BLM, 
which has the management responsibility -for western 
public lands. This is the first majof attempt in the United 
States to assess the issue \of desertification. 

In addition, the following activities are'&nder way: % ' 

tl) The U.S. -Mexico Agreement on Arid Lands Man- 
agement and Desertificatiori Control > signed in Feb- 
ruary 1979^ setting up a joint work program to com- 
bat desertification in the border zone and to conduct 
state-of-the-art research in a number of areas; 

(2) U.S. membership in the' Consultative Group for 
Desertification ^Control formed by the United Nations 
Environment Program (UNEP).to assess proposed 
desertification control projects; % 

(3) Expansion of our bilateral development assistance 
programs in a^eas related to desertification, including . 
energy alternatives to firewood, support for theSahel 
Development Program, reforestation and remote sen- 
sing applications in arid lands, and desertification 
monitoring and assessment; and * 

(4) Expansion of U.S. research in such areas as salt- 
and drought-tolerant plants, commercial develop- 
ment of various arid lands plants, new technologies 
and management techniques for watersheds and 
rangelands, and • improved techniques for water 
harvesting. 

The United States and fylexico, in cpncert with UNEP, 
are planning cooperative activities in three key areas 
addressed by the Global Plan of Action: ♦desertification 
monitoring, ^cost-benefit methodologies as applied to 
desertification, and food-climate relationships in arid 
lands. t ' * 

There, are numerous opportunities 'for science and tech- 
nology contributions to alleviate desertification. They 
include design and funding of research and development 
on salt-tolerant crops and vegetative covering, greater 
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economic use naturally occurnng and plants, reha- 
bilitation of degraded lands, use of saline water in ag- 
riculture, introduction of dperational desertification mon- 
itoring techniques, and management of surface-water and 
ground-water reservoirs. Coordination of domestic and 
international efforts in those areas is a major challenge 
to the United States. 

REMOTE SENSING OF NATURAL RESOURCES * 

As a natural outgrowth of the major U.S. space pro- 
grams, plans were conceived in the 1960s to survey. 
Earth's natural resources, from a space platform. That 
r9fcul,ted in the experimental Landsat series of satellites 

•» pearlier called ERT$), the first of which was launched 
in July 1972. Since that time two additional Landsat 
, satellites have been launched, and over 100 nations are 
applying the resulting experimental data to resource 
management problems of all types, ranging from mon- 
itoring the movement of icebergs in toe Arctic to clas- 
sifying land use patterns in urban areas. Specific appli- 
cations of Landsat data incline surveying soils, estimating 
, crop acreage and yields, measuring timberlands, range- 

. lands, and^water resources, mineral ^nd oil^ exploration, 
Jand use planning, health and environmental protection, 
population estimation, monitoring nonliving marine and 
cos^taJ^resources,-and disaster warning and assessment. 

Because of the success of the experimental program, 
the Federal Government decided that Landsat would be- 

' Comcan operational system. 'In November 1979, NOAA 

* was assigned management responsibility Yor civil satel- 
lite remote sensing operations in addition to its ongoing 
oceanic and atmospheric responsibilities/ 

The move to an operational satellite system is to take 
place in the 1980s. At present, Mere are fotfr major 
Federal agencies (NASA, NOAA,^nd the Departments 
of the Interior and Agriculture) cooperating, directly in 
the Landsat program and shapng till operating and in- 
formation disseminating responsibilities. Launch of the 
fourth satellite in the Landsat series, Landsat D, is sched- 
uled for«fce fall of 1982. Landsat D is scheduled to fly 
a new sensor called the Thematic Mapper, which has a 
30-meter ground resolution as compared with the present 
Landsat sensor, the multi spectral ^scannes, whose reso- 
lution is 80 meters. There are presently Landsat ground 
receiving stations in Argentina, Australia, Brazil, Can- 
ada, 'Union of South Africa, Sweden, Italy, India, and 
Japan with similar stations planned for China, Thailand, 
and Upper Volta. „ ^ . 



NATURAL HAZARDS ' ■ 

Such natural hazards as hurricanes, floods, earthquakes, 
tsunamis, and volcanic eruptions threaten and frequently 
cause extensive damage to life and property. One o£ 



government's responsibilities is to minimize the damage 
by providing adequate warning for immi^at natural dis- 
asters". Fui^her, it is the mission of the scientists involved 
in natural hazards research to continually try to improve • 
their predictive capability. The value of such predictions , 
was, vividly illustrated with the violent May 18, 1980, 
eruption of Mt. St.' Helens. As^ne^writer observed, 
4 The gre^t demolition of the top of a mountain is a- 
dramatic.reminder that a rare ey^nt knpwji to be possible, 
but highly improvable,, can occur .here and now. . ^ . 
Mt. St. Helens underlines the n^fed to keep the extreme 

* Occurrence in mind, h further enhances respect and sym- 
pathetic understanding for scientific forecasts of natural 
hazards." Under legislation passed in 1974, the IJSGS 
has the responsibility to warn State" and local officials 
of impending geological hazards In the case of severe 
weather and flooding, it is the National Weather Service 
that must provide warnings Extensive research facilities 
in both agencies are continuously conducting research 
to improve predictive capability 

To enhance our predictive capability in. weather fore- 
casting over the - next .5 years, modeling techniques 
should be devetoraj to usjs satellite, radar, and conven- 
tional data to preRct localized flash floods, tornadoes, 
hurricanes, and landfalls. Also, to improve the scope 
and accuracy of weather forecasting, impjoved global 
observational systems and better regional and global pre- 
diction models should be designed. Ihtegrated systems 
using new techniques must be developed for handling 
environmental data and transmitting it to users^ Voice- 
synthesis and information systems for use in conjunction 
with such systems as cable TV are under consideration 
Among natural^ hazards , e&*hqtfakes pose the greatest 
single-event geological hazard, and, in the United States, 
southern California's urban regions have the highest po- 
tential for disaster. Because of the sudden ancl devas- 
tating nature of earthquakes^ scientists^ are continuously 
striving to develop better methods for predicting them. 
Japan initiated a prediction program in 1965, and Soviet 
scientists have been working on similar programs for 
many decades. By the mid-1960s, Soviet researchers had 
made several significant contributions to prediqtiveT&bil- 
§ ity when they determined that prior to some earthquakes, 
the speed with which seismic waves pass through the ' 
earth show a distinctive trough-like wave pattern and the 
release o/ radon gas increases; further, the electrical re- 
sistivity of the earth behaves strangely* before certain 
earthquakes. Following several major quaked in 1966, f 
the Chinese also began a major program, and an esti- 

• mated 10,000 scientists and technicians.are. working on 
earthquake research. Over 10 earthquakes' have been^ 
predicted successfully, but many more have not been 
predicted. 

U.S. scientists have observed such additional precur- 
sors as the changes in the^ Earth's magnetic field pritfr 
to a quake in November 1974. In one of the few cases 
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of a precise prediction, a if.S. Geotogical Survey em- 
ployee informally predicted a 1974 Thanksgiving* Day 
earthquake on a small fault near the famous San Andreas 
/ault Commenting on the present state of the science* of 
earthquake prediction, a leading Federal scientist said, 

.Theoretical, laborafory, antf field studies have con- 
firmed that earthquakes /are not single ruptures of 
the rock but are made up of complicated series of 
rupture starts and stops. Field measurements and 
seismological studies have provided independent 
and co mpeUdi\g evidence that many* earthquakes can 
occur in a low stress environment. We have estab- 
lished procedures for estimating damaging ground 
'motion from earthquakes and reliable methods for 
specifying the uncertainty in these measurements. 

# 

NONFUEL MINERALS 

The United States currently is heavily dependent on im- 
ports from foreign countries for its supplies of several 
cntical mineral commodities, such as chromium, man- 
ganese, cobalt, and the platinum group metais. which 
are impprtant to both industrial and national security' 
objectives. In a time of great world tensions, those sap- 
plies are not secure, &nd the, Nation, must be prepared 



♦ I Natural Resources 765 

Similar manganese nodufes are also found at shallower 
depths off the Florida-South Carolina coast in what is 
known as the Blake Plateau. The nodules, similar in size 
and shape to potatoes, contain nickel, cobalt, and man- 
ganese — all minerals important ^o pur ^conomy and 
nearly all of which must be. imported. O^alt is partic- 
ularly critical since our primary source is Central Africa, 
an area subject to possiWe unrest. There is considerable" 
International interest inHtep-ocean mining, with Japan, 
West Germany, France, and the Soviet Union all par- 
ticipating in projects supported by their governments. 
Among those nations, the Japanese, the West Germans, * 
and the French have been the most aggressive in trying 
to achieve commercial production. F<?r example, 30 Jap- 
anese firms have formed a Deep Ocean Mining 
✓Association. 

a Major U.S. industrial firms have combined resources 
with foreign firms to develop the expensive technology 
required to mine the nodules from the ocean floor at 
depths of about 3 miles. Most U.S. groups feel that their 
technology has advanced to the stage where commercial 
operations could begin in the early or mjd-L980s at an- 
ticipated costs of"$1.0 billion or more for each group. 
In earlier years one of the main deterrents to mining was - 



- r--r — ^^^^ *n ^aia vnt \ji mc main uciciicuib iu mining was 

for potential supply interruptions. In recognition of that, ^ack of international agreements or domestic laws for 
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problem, P^sident Reagan, early in his administration, 
initiated the first purchase program for the national de- 
fense mineral stockpile in over 20 years. As a further 
step in developing a national minerals policy, the Rres- 
ident initiated a major review of minerals policy under 
the direction of the Cabinet Council on Natural Re- 
sources and Environment, Among the .working .groups 
of this Cabingt Council is the Strategic Minerals Working 
Group, whicfinnciudes representatives of all Federal 
agencies whose^ activities are related to the availability 
of these mineral commodities. This working group will 
identify the most urgent-problems, will consider imple- 
mentation of Public Law 96-479, the 4 'National Mate: 
rials and Mineral* Policy, Research and Development! 
Act of 1980, "-one component of which is to increase 
mining and metatfurgical research efforts, and will' ex * 
amine in .depth the critical mineral bottlenecks, which 
potentially could impede defense mobilization and se- - 
qously affect vital manufacturing industries. 



DEEP OCEAN MINERALS " 

One potential* mechanism to counteract eventual inter- 
ruptions in the supply* of critical minerals is to' ssek- 
additional supplies in the ocean floor. Over the past sev- 
eral decades, 'U.S. industry has reportedly spent over 
$200 million in developing the technology to mine such 
mineral sources as nodules from the ocean floor of the . 
Pacific, the richest area being south of Hawaii and west 
of California. 



guaranteed mining site tejiure at specify locations. The 
first attempts to deveJOp an international regime began 
in 1973 when the United Nations began conferences on 
the Uaw of the Sea, which was to determine the guide- 
lines for development of seabed resources. To date, no 
agreement has been reached. To provide the U.S. inter- 
national industry with incentives to proceed, tfte Deep 
Seabed Hard Mineral Resources Act (Public Law 96- 
283) was signed on June 28, 1980. It established interim 
regulatory procedures for U.S. ocean mining activities 
♦ under the administration of NOAA. The act recognizes 
that the resources of the seabed are a common heritage 
and requires that revenues from commercial production 
be set aside for developing pSuntries. 

In Section 109(a)(2) of the act, a 5-year program is, 
mandated for pcean research to provide environmental 
assessments during the exploration- and commercial 
stages of seabed development The Research is fa- include 
ecological, geological, and physical evaluations of t^e 
seabed where mining or processing activities may take 
place. Life) histories of plants, animals, and organisms 
of ocean areas that may be affected will-be studied. The 
research plan i§ being prepared by NOAA for submission 
to Congress. 



MARINE FISHERY RESOURCES 

Passage of the Fishery Conservation and Management 
Act of 197fe (FCMA) has called for the development and 
implementation of plans and regulations to conserve and 
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manage U.S. fishery resources within the fishery con- 
servation zone extending from 3 to 200 miles off the 
coasts of the United States and its pQSsessions. 

Management and conservation measures under FQvIA - 
depend on the best attainable estimates of the abundance 
and cdhdition of fish stores in each commercial fishery. 
Sucii annual yield projections rely not only on the de- 
termination of presentlyharvestable fish within each fish- 
ery, but also the assessment of preharvestable juveniles 
the prey-predator competitive interactions between spe- 
, cies, and of pollutants, changing oceanographic condi- 
tions, and long-term climatic changes. The primary in- 
formation used to date has been largely derived from 
conventional stock assessment surveys and catch statis- 
tics. However, extensive research is being directed 
toward improving such assessments. It includes studying 
the application of the rapidly maturing technologies of 
hydroacoustics to enumerate fish populations and satel- 
lite and aircraft remote sensing to describe the- spatial " 
and temporar variation of marine environmental prop- 
erties impacting on the oceans' living resources. As suit- 
able data 'bases and real time data inputs become avail- 
able, they are being used to develop numerical models 
describing the population dynamics and yields of both 
single species and njmltispecies fishery resources. t 
A variety of research efforts centering around the ef- 




fects of habitat alteration and degradation on the pro- 
ductivity of living marine resources will also be impor- 
tant in fulfilling the national mission. The specific habitat 
requirements of important commercial and recreational 
fishes must be known to .predict the extent to which 
habitat destruction or degradation can occur before pro- 
ductivity^ impaired. Improving predictive capabilities 
of long-term pollution effects, especially^ low-level ; 
chronic exposures to multiple pollutants, will be needed 
in determining the assimilative capacities of. estuarine^ 
coastal, and shelf environments. Also of increasing con- 
cern are the futuTe effects on living marine resources of 
ttfe diversion, tb meet human needs, of fresh waters of 
rivers that feed estuaries * 

Aquaculture affords the opportunity to greatly sup- 
plement the production of shellfish harvested from nat- 
ural ocean populations, many of which are being fished 
at near maximum sustainable yield levels. An expanded 
scientific and technological base will place the United 
States in a better position to meet anticipated needs for 
increased fishery production. Through genetics, selective 
breeding, and hybridization, for example, fish farmers 
. should be able to develop faster growing, disease- 
resistant species of fish and Shellfish that exhibit better 
feed conversion ratios 'and improved processing 
.characteristics. ^ 

\ 
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HIGHLIGHTS \ 

• Refinement of the methods to be, used for the control 
and disposal of hazardous wastes is now being sought 
in response to increasing volujnes of waste and public 
concern about their safe handling. Identification of 
suitable long-term disposal methods and sites is a high 
priority. T 

• Pollution of the environment by toxic chemicals and 
as a result of energy production is a problem of great 
national conceVn. Minimization of pollution sources, 
assessment of adverse health and environmental ef- 
fects, understanding of Earth's, ecosystems, and de-" 
velopment of appropriate control measures are integral 
parts of pollution management. -Accurate and timely 
information can help guide policymakers ijj designing 
pollution control strategies. 

• Acid precipitation, 'resulting in part from the use of 
fossil fuels, and its potential effects are of growing 
national and international concern. A coordinated re- 
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♦Participants in the task group developing this Action included representatives 0 f the Envi- 
'ton mental Protection Agency, the Department of Energy, the Department 0 f the Interior, ibe 
Department of State;lhe National Aeronautics and Space Administration, the National Oceanic 
and Atmospheric Administration in the Department f Commerce, and the Nuclear Regulatory 
Commission 



search program has been initiated to increase under- 

• standing of the problem. 

• Pesticide use is prevalent bqth in agricultural, and in 
urban areas. A better understanding of adverse health 
and environmental effects is vital.. Integrated pest 
management may help minimize the introduction of 
pesticides'into the environfienT * i ^ 

• Critical problems exist in Maintaining the quality of 
the Nation's water supply. Efforts to clean up problem 
areas-must be matched with the development of quality 
•standards and corttrol strategies. Extensive studies of 
ground-water contamination are planned. 

• Climate has a major influence on energy consumption, 
agricultural production, and water resources manage- 
ment. Research activities cover basic understanding 
.of climate, itapact of climate 'fluctuations, and 
forecasting. 4 ' 

INTRODUCTION 

Environmental research programs provide scientific in- 
formation that serves, in addition to increasing general 
knowledge, as a foundation for the formulation, imple- 
mentation, enforcement, and review* of environmental 
.Standards and regulations. *To facilitate thermse of the 
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information, Federal research programs are organized 
either along the lines of regulatory programs or in a* 
manner that consolidates research functions to promote 
the most effective data production,, analysis, and inter- 
pretation-. Some programs are organized by pollutant type 
(hazardous -air pollutants, pesticides), while others deal 
with specific problems (energy, nuclear wastes). 
Throughout, however, three factors provide the frame- 
work within which the research is'condu£ted: 

(1) To meet "near-term needs, the most accurate, com- 
plete, and scientifically credible research data must 
be provided. The information, since it often spawns 
controversy, must ultimately be able to withstand 
close scrutiny or legal challenges so that environ- 
mental standards and regulations meet the goals set 
"by the American people to protect human health and 
welfare, environmental quality, and the overall qual- 
ity of life. 

• (2) To meet long-term needs and emerging or anticipated 
environmental problems, support for fundamental 
and anticipatory research in the basic sciences is 
necessary. Such research will enable us to gain a 
better understanding of.the causes and consequences 
,pf problems before they become acute and to 'find 
means to eliminate, mitigate, or control the problems 
* before serious damage is done to the populace or the 
environment. 

(3) Environmental research in support of regulatory pro- 
grarni must carefully estimate the costs and benefits 
of environmental quality that result from control- # 
ling — or not controlling — harmful pollutants It is 
the primary responsibility 6i researchers to identify 
and qualify the risks that hazardous exposures (in 
whatever form) pose to man and the environment 
and to estimate the comparative costs and benefits 
of regulatory actions designed to establish limits Cor 
those exposures. -Policymakers then incorporate 
these research results^into essential economic com- 
. parisons for, controlling or net controlling pollution 
in order to keep the environmenPsafe and productive 
, at* the lowest possible cost. 

This three-part researth framework has remained rel- 
atively^constant over the past J years, however, the focus 
of theVesearch itself has'not. In upcoming years, prior-, 
lties Will shift from .the more traditional areas of r^earch 
. toother, newer areas. Part of the shift will result from 
the maturation of traditional programs, but the major 
change will be due to the recognition of serious threats 
to the health of the American people and. to the envi- 
ronment from solid and hazardous- wastes, toxic sub- 
stances, «and contamination of ground-water sources o'f, 
dnnlofig.water.* In die nexrfew years the highest priority 
for res^lch*will be given to characterizing the threats 
from these pollution problems, defining their dangers to 
health and the ecological balance, and, if possible, de*-' 



veloping, testing, and evaluating meajis to control the 
pollution. A summary of the research programs dealing ' 
with these and other problems is presented below. 



SOLID WASTES .* 

Public awareness of the threat tfiat hazardous wastes pose 
to, health and safety has grown recently because of such 
highly publicized problem areas as Love Canal. Im- 
properly disposed of wasfes have been cited as possible 
causes of serious health Vfects (for example, cancer, 
birth defects) that dp not a\pear until many years after 
disposal occurs. Government response has two primary 
goals. First, a national strategy for managing the esti- • 
mated 57 million tons of hazardous, wastes that current 
industrial processes yield will be set m'motion. Second, 
existing problem hazardous waste sites, numbering as 
many as 2,000, must be carefully investigated and steps 
' taken to contain their contents. 

Those, goals ca£ be met\>nly with considerable sci- 
entific and technological support. Specific research data 
are needed to identify hazardous w,aste sources and types 
of waste threats ar those sources, quantify hazards and 
provide technical expertise for controls at restricted haz- 
ardous waste sites, develop technologies to protect pe6- 
ple from the effects of hazardous wastes,- assess /isks 
from Hazardous wastes to health and the environment, 
verify which energy and mineral wastes are hazardous, 
and develop means to dispose of and recover resources 
from nonhazardous wastes so they may be eliminated 
from possible hazardous waste consideration. 

Three research approaches will be employed {o pro- 
\ide the critical information. The first approach is to 
recjuce the quantity oFtertain hazardous wastes at their 
point of origin by developing new, economically feasible 
industrial production processes or improving old ones, 
finding* or developing substitute materials for those that 
cause or contribute to hazardous solid\&a>tl. and in- 
creasing product durability, thereby ^reducing waste gen- 
eration. The second research 'approach is to find means 
to transport, stord, treat, and dispose'of those industrial 
Wastes for which there are no currently acceptable means 
- of elimination of recovery. The third approaches to de- 
velop methods to remove and recover hazardous mate- 
rials from waste streams during waste disposal opefc- N 
tions. The goal is not for recovery and reuse but, rather, 
for reducing exposure of thelpublic and the environment 
to hazardous substances. 

As data are accumulated, solid v*aste research will 
help protect public health and environmental quality 
Furthermore, because some of the research focus is on 
♦ eliminating the cause of solid waste before it is produced, 
4 the research j/ill also promote resource conservation, 
materials reuse, and Energy recovery. / 
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TOXIC SUBSTANCE^ 

The development of modern industrial society has been 
accbrripanied by a,prohferation o£ chemicals for.all kinds 
of applications. While chemicals are very useful for spe- 
cific purposes, there are risks involved with tMe use of 
some because of the harmful physiological effects that 
can result. Exposure to some chemicals, even in small 
amounts, can lead to such irreversible (biological effects 
as cancer, genetic damage, and birth delects. As a'result, 
environmental legislation (especially the Toxic Sub- 
stances Control Act of 1976) has sought to protect public 
health by controlling toxic substances in commerce. • 

Research is needed to identify and assess the health 
and environmental risks posed by production and distri- 
bution of certain chemicals. Of first concern is the de- 
velopment of, suitable tests to evaluate adverse effects, 
tests to predict hazards to humans are particularly 
needed Sear-term research will revise and expand cur- 
rent test methods and will standardize the testing of a 
chemical's characterization, ^fate, and effects As such 
test methods are established, hazardous materials can be 
identified before their introduction into the' environment. 

In addition to developing tests for determining the 
adverse health 'and environmental effects of toxicants, 
the research will develop testing and assessment require- 
ments for chemical monitoring and control. Then, as 
disc harges»<5f certain chemicals slow or stop, the research 
will provide data for implementation of regulations and 
enforcement. 

Health qffects research will attempt to arrive at the 
best possible assessment of a chemical's ability to pro- 
duce or exacerbate human diseases. Assessments will 
include descnptions of a range of diseases that can result 
from' exposure to a toxicant, the appropriate; means to , 
detect chemically induced processes., .the body's ba£ic\ 
- and Critical fa'ctors that are affected by a chemical, and 
comparisons of human sensitivity to the chemical with, 
the sensitivity of test species. Iq. focusing on environ- 
mental effects, research will be directed tqward^ devel- 
oping testing and assessment methods to correlate in- 
formation on the production, use, and disposal of -a 
chemical with djrta on its physical, biological, ecologi- 
cal, and chemical properties. For monitoring research, 
techniques will be developed fbr analyzing pollutants on 
a media- or matrix-specific basrs. for obtaining samples 
by biological matnx (for example, itissue, blood), me- 
dium, or pollutant, an4 for finding a best single method 
that can be used to identify and quantify a wide range 
♦otypollutants * 

ENERGY AND ENVIRONMENT 

Energ) use projections indicate a trend avJay from such 
relatively clearr sources as gnsh{)re.pil and gas toward 
^siffch potentially more environmentally damaging fossil 
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fuel sources as coal, oil, or gas from the Outer Conti- 
nental Shelf, and western oil shale. Increased extraction, 
processing, and use of less clean fuejs may pose threats 
to the environment and to human health.. 

A problem currently causing great national and inter- 
national concern is acid precipitation', caused in part by 
emissions from fossil fuel power plants. Pollutant emis- 
sions, .particularly sulfur dioxide and nitrogen' oxides, 
may be contributing to increased acidity of precipitation, 
often rnAy miles from the source of pollution. Envi- 
ronmental effects attributed to acid precipitation include 
damage to lakes and streams and potential harm to for- 
ests, rangelands and wildlife, crops, soils, materials (for 
example, monuments, buildings), and drinking water. 

One constraint on resolving the problem of acid pre« s 
cipitation is that there, is little known about tfre^ precise 
relationships between fossil fuel use* and acid precipi- 
tation and abcXit the real effects of increases m'suclj, 
acidity. In order to increase that understanding, the Na- 
tional Acid Precipitation Program, .established by Public 
Law 96-294. mandates comprehensive and accelerated, 
research on the causes and effects of acid precipitation. 
The statutory Interagency Task ForctTon Acid Precipi- 
tation. responsiWPnfor planning and. implementing the 
program, js jointly chairejJ^fr the Environmental Pro- 
tection^ Agency (EPA), the National Oceanic and A't- 9J 
mosphenc Administration*(NOAA^, and the Department 
of Agriculture (USDA). The program includes research 
on sources, atmospheric processes, impacts. t control 
strategies, and mcmitonng activities* the 'primary goal is 
to provide a better information base for establishing 
sound energy and environmental policies. 

Energy and environment research programs conducted 
by EPA and the Department cjf Energy (DOE) (including 
research* on acid precipitation) provide a scientific ra- 
tionale for policies that balance health protection, do- 
mestic energy supply factors, cost, and environmental 
quality. The programs are divided into two major re- 
search arcas:,health and environmental effects, and .con- 
trol technology. , 

Research [n health and environmental effects^focuses 
on three areas: ( the identification of energy-related pol- 
lutants in the environment, the mechanisms by which 
those pollutants move through the environment, and their ~ 
resulting effects on humans, animals, and plants. Control 
technology research provides information on pollutant 
types and -quantities refeased by activities to 'supply 
energy and develops or stimulates the development 0 
cost-effective control options. The control technology 
research will also produce technical data and cost [infor- 
mation upon which environmental standards will, be 
based. Emphasis will T>e on information supporting the 
establishment and. implementation of technology -ba^ed 
environmental guidelines that 'minimize environmental 
damage from energy fuels an3 .processes. * 
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EMERGENCY SPILLS 

By virtue of their high visibility and potentially cata- 
strophic effects, spills of oil and hazardous substances 
are currently receiving attention at all levels df govern- 
ment as well as in the private sector. While the total 
number of spills is unknown since many go unreported, 
at least 15,000 spills occur annually in the United States. 

Spills generally contaminate the air, land, ahd water,- 
rapidly spreading and dispersing into the atmosphere, 
soil, and surface or ground water. As a consequence, the 
problems they pose can be extremely diverse and involve 
a multidimensional rpatrixof substance*spilled, volume 
spilled, location and condition of the spill site, weather, 
and a host of other factors. 

Among the key questions that .researchers will try to 
answer are: * „ 

(1) How cfean is clean 0 ' Given the assimilative capacity 
of the environment and economic considerations, 
those who respond fo spills reguire a mechanism to 
determine when one is sufri^cwntly ''cleaned up." 

(2) How can biologically damaged ecosystems be re- 
paired, and how long d^es the repair take? Tech- 
niques must be developed <6 reverse and mitigate 

- damaging spill effects in a timely manner. 
*(3) What are the fate and effects of spitted materials 0 
A scientific determination of cleanliness must be 
made/not one* based on engineering judgment. 
(4) What initial actions are to be taken at a spill site 0 
Firemen and other first-on-scene nontechnical re- 
sponse personnel must know the proper emergency 
, actions.' * x ' * ' 



In response to these questions, the spills research pro*: 
grpm will develop, evaluate, and demonstrate new s or 
improved equipment, systems, and techniques to % p're-^ 
vent, detect, identify, contain, control^ remove, qjean 
up, or recover spills of oil and hazardous poIluting*Sub- 
stances. The / prQgram"§ objective is to accomplish^iose 
tasks while ensuring that every precaution is taken to - 
protect human health t ' water, land; and air frorr^any type 
of accidental release of hazardous, materials,^ and'tfcat 
cleanup^operations employ only the most enikon?he*i^ : 
tartly sound methods. The hardware and techrmpes de- 
veloped will be canfiedTjeyond the prototype stage to the 
point wfiere they are ready for field implementation by. 
the commercial community. %i [ 
j, Furthermore, the longstanding emphasis on clearfup 
equipment will be aiigmented.by a new emphasis on^te 
searchifor a better understanding of the interaction b^ 
tweetf spills and tKe environment. Futur^search treno? 
willTje influenced! by an expected** ncreas£ in *he number 
of spilfc/a -projected (foreaSe in gie availability of dis- k 
pos^srtes, the ^ssibl^eqiyrem&nt that affected areas 
be returned to prespill conditions, an Increased 'emphasis 



on the use of dispersant technology offshore, and the use 
oogenetic research to provide microbial agents to* aid 
cleanup. • • * 



r HAZARDOUS MR POLLUTANTS 

The top priority of hazardous air pollutant research is 
to identify > evaluate, and control ajrbome carcino- 
gens. Specifically, the research will support implemen- 
tation of policies and legi^atiorTdesigned to aontrol the, 
emissions of such carcinogens. That emphasis is due to 
the high incidence of lung cancers and the fact that there 
is a great deal yet to be understood about the cause and 
effect relationships between those Cancers and long-term, 
low-dose exposures to pollution. Research wilhherefore 
focus on tfle identification, screening, and preliminary 
- carcinogenicity assessment of high-production, volatile 
organic chemrfcals. More detailed assessments of those 
chemicals that show a high potential for carcinogenicity 
will be developed. 

Research results must be able to be used to inform 
policymakers where such compounds are, found, in what 
concentrations, and where they come from. The principal 
thrusts for the overall research effort, therefore, will be 
to characterize anrWent air, emissions, and sources. , 
^ 1 Objectives in ambient air gudies are to characterize . 
the abundance and variability of toxi^ organic chemicals 
in, urban environments, investig ate' a nd assess the at? 
mosphenc fate of the toxic organics, a"hd determine the' 
extent of human exposure to airborne toxic 'chemicals. 
Source characterization research ^11 develop source 
sampling and analytic 'techniques that a4equately sepa- 
rate and^char^terize airborne emissions of potentially 
hazardous materials. Comprehensive environmental as- 
sessments* will be prepared for industrial point sources, 
fugitive emissions, conventional 'combustion' sources, 
and emerging coal Jonversion technologies. / 
Research is being conducted on indoor air pollution. 

^pey^elopments include: . 

<-> 

(1) Discoveries that such hazardous air pollutants a^ra- 
don, residential pesticides, ajbestes, benzo(a)pyrene, 
„.* formaldehyde, and other organic compounds exist 
n ujdoors aiwell as outdoors; ^ 
\2) Increasing indications that indoor concentrations of 
such Conventional air pollutants as carbon monoxide, 
nitrogen oxides, and respirable particulates often 
equal or exceed outdoor concentrations; and 
(3) Concern that intensive use«of such energy* conser- 
vation measures as insulating^ weatherstripping, and 
- % caulking may reduce buildingwentilation arvd in- 
crease indoor concentrations of pollutants having 
indoor sources. - • * 

at* 

In light of those developments, research on indoor air 
pollrlkon must focus on Refining the extent of the prob- 
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lem and on identifying control options' availahje to attain 
acceptable air quality. 



GASEOUS AND PARTICULATE AIR POLLUTION 

Such air pollutants as sulfur dioxide, particles, nitrogen 
oxides, -^nd^ozojie-artrtu'Bject tcTa complex^series of 
'ffansformations, and transport processes be- 
fore ultimately affecting human health and the environ- 
ment. A better understanding of those processes is crit- / 
ical if the effects of existing *or proposed new sources 
of air pollution ar6 to be evaluated accurately. Research- 
ers, therefore, will^attempt to answer the -following 
• questions: « % 

9 ' 

(1) What are. the reaction products of pollution emis- 
sions? How do they vary with meteorological 
conditions? 

(2) How far will the emissions and their products travel? 

(3) How reliably can a pollutant found in ambient air 
be traced back to its sourc.e? * 

•The best available answers will be incorporated into 
mathematical models that ean be used to predict changes 
in air quality due to a source in question. • 

While dealing with these important source-receptor 
issues, research will also expand the body of knowledge 
of the health artd environmental effects of the" air pbl-* 
hitants Some of the effects are well documented, so 
researchecs will concentrate on filling gaps in % liter- 
ature Health effects researchers, for example, will at- 
tempt to determine the sensitivity of observed effects to 
changes in the size distribution of particulate pollutants. 
They will also determine whether these are interactive 
effects of pollutants by exposing subjects to Combina- 
tions and mixtures of the substances." 

There is concern that non-health-re}ated effects of air 
pollutants (frequently termed "welfare" effects) are not 
well understood. Such effects includ^ damage to plant 
life, crop yield reductions, impairment of visibility, and 
, acid rain. Researchers will employ laboratory studies and 
, fifeld investigations to more accurately identify and quan- 
tify those effects. • * 

Mobile sources^of air pollution present a specidf*set 
of problems requiring rjew research. Changes in engine 
design and vehicular fuel use.wjll require tests that carr* 
determine whether different engine systems, fuels, and 
fuel additives pose unreasonable; risks to health. Re- 
searchers will need to deterrnine'the ways in which spe- 
cific engineering an(J fuel modifications affect biologic 
activity Short-term test^fbr carcinogenicity, mutagen- 
icity, and teratogenicity will be developed ta*effectivelv 
establish . such relationships. Methods to characterize* 
complex emissions from mobile sources will ( also be 
developed. # " 
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NONIONIZING RADIATION 



Every day the U.S. population is exposed to radio fre- 
quency radiation from medical, industrial, and consumer 
product sources: radios, televisions, traffic radar, micro- 
wave ovens, electric j/ower transmission lines, and sat- 
ellite communications systems. As the number and 
power^f~eXistir^™nmi^ sources 

• increase and as new applications of radiation are dis- 
covered, the public can expect its' level of exposure to 

,~ continue to rise. 

Exposurq to NIR. however, may or- may not have 
human health effects. Effects have been documented for 
high-power NIR exposures, but the health effects at. 
low$" levels common in most Agaemc^n urban areas re- 
main unclear. Because those health effects are not clearly 
*known, research on nonionizing radiation is focused ul- 
timately on determining them. 

Researchers will develop techniques to increase 
knowledge of health effects of chronic, low-level 
exposures; build a data base about the human conse- 

4 quences of NIR exposures; promote understanding of the 
health effects of broadcast frequencies; £nd establish a. 
population exposure standard for NIR. Two specific 
problems that are likely to merit further study are the 
health effects of NIR emitted from direct broadcast sat-* 
ellites (DBS) and from electric ^ower transmission, lines. 

; PESTICI&ES 

Pesticides research has the dual objective of* providing 
) mechanisms for controlling pests harmful to ihe agri- 
cultural enterprise and providing a 'scientific oasis both 
for understandirig the/risks that may be involved in their 
use and for considering appropriate regulations. The pro- 
gram is focused, mainly on developing knowledge, data, 
and techniques to assess potential- health ,and environ- 
mental risks from pesticides; quality assurance and tech- 
nical assistance help ensure appropriate applications of 
the research results. . , 

To^valuate -thS^fx^ential human healtrTand environ- 
mental hazards from a pesticide, regulators must identify 
and characterize the populations at n^k, assess the. se- 
verity or their exposures, and. determine the actual o£ 
potential adverse effects on health and ecosystems. Since 
determination of the adverse effects of gesticides is. the 
most advanced of these/ factors, current research em- 
phq^zes exposure assessment, for which data are sparse 
and for which measurement and/predictive techniques 
are relatively undeveloped. / * . ■ 

Several direct methods forestimatirig human exposure 
'to pesticides have bee^developed and validated, future 
* research will be 1 concentrated on refining indirect meth- 
ods. Those people exposed occupational!} will cpmmand 
a priority in the effort to assess hufnan risk, exposures 
.of urban residents to pesticides used for the home and? 
gardetKwill also be studied. 
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To reduce the eompIexity,dnd costs{of the human risk 
assessments, researchers will explore the possibility of 
extrapolating human exposure risks from one pesticide 
compound or pesticide use to other, similar compounds 
or uses. Also to be explored will be the use of surrogate 
compounds in lieu of separate studies for each individual 

pesticide. If those-^fferts f rove Micce^ul^^uchuex^ 

pensive and time-consummg exposure testing by the gov- 
ernment and by manufacturers may bo. eliminated. Re- 
search will als.o yield estimates of expected concentration* 
of pesticides in the environment and in organisms, and 
assessments of the significance of their presence -and 
effect on environmental quality and human health. 

Another focus of pesticides research is on integrated 
pest mana'gement (1PM) strategies that minimize the in- 
troduction of pesticides into the urban environment, re- 
duce general pesticide exposure in urban settings, and 
moderate the current dependence on chemicals to control 
urban pests. , 
Future pesticides research needs include investigation 
' ,intp the effects of the inert ingredients in pesticides, a 
deeper understanding of how ecosystems function when 
exposed to pesticides, studies of biorational pesticides, 
and development of improved application methods and 
integrated pest rrianagement .technologies. Represenfa- 
- 4ive species in the natural environment are also rteetfed 
as **early warning systems" that signal a pesticide's 
potential for endangering human heajifi. 



WATER QUALITY % • ■ 

The fundamental objective of water quality research is 
. to provide assessment methods and information that will 
help Federal, State, and local governments make^water 
pollution control decisions that are scientifically defen- 
sible, cost-effective, energy efficient, minimally disrup- 
tive to ecosystem^ and that jnake effective use of water 
resources. Reseajch to support this objective will be con- 
centrated *>n developing technical data for future water 
• quality standards, water-quality-based effluent limita- 
tions, water quality _ management strategies involving 
point and nonpoint source control tradeoffs, ocean dis- 
charges and dumping, restoration of publicly .owned 
- lakds. hydrologic modifications in wetlands and other 
. aquatic systems, and national strategies Tor protecting 
water quality and assessing the progress^of watej; pol- 
lutioh control efforts. , ^ 

The ^research ph^se will deal with major. mgh : 
•pnpnty cunfent problems. The second phase will support 
' development of national water quality strategies by pro- 
viding data about the emerging problems most likely to 
.affect thtfse strategies.. * * 

Work in the near term will fill gaps in existing health 
and ecological data that were used to prepare proposed 
water quality catena for a wide range of chemicals. The 



research will also provide technical assistance to those 
responsible for fevising trje regulations for ocean dis- 
posal of pollutants. 

Major research efforts will also help meet some of the 
expected information needs in the development or re- 
vision of water quality regulations. Research will yield 

_improv£d^ocedur£sJbr-4^ qualuy-cwteria 
and making wasteload allocations among dischargers 
If will also provide methods to assess more accurately 
the environmental and cost effects of proposed pollutant 
discharge and disposal actions and of proposed remedial 

' measures.' 

Problems of a longer term nature are associated with 
toxic pollutant management, -owipoint source control, 
lake restoration, dredge and frU operations, and protec- 
tion of ground-water quality. * 

Pollutants that will receive the greatest amount Qf 
study will be* toxic and hazardous chemicals Other fac- 
tors to -receive significant attention will be sediment, 
nutnents. and salinity. 

Discharges from wastewater treatment plants v amount- 
ing to nearly 26 billion gallons of treated wastewater 
added to the Nation's waterways and lan^l surfaces each 
day . are an additional environmental concern Urban - 
runoff — the washings from our streets, roofs, and other 
surfaces during rainfall and isnow -melt — contributes an- 
other 16*billionfgallons of contaminated water each day 

To reduce the risks to health and the environment 
posed by these discharges, researchers will focus on'fhe 
development of treatment processes, control of toxic 
matenals. management of sludge, operation and design 
of tteatmenuworks^ and use of land and aquaculture 
techniques. " • 

§ince chlorine can -threaten aquatic life? researchers 
will investigate such alternatives to the use of chlorine* 
for dfsinfection L ozofte and ultraviolet light To control 
toxic pollutants, researchers will identify the sources of 
these pollutaijts in munigpal wastewater systems, rn- 
vestrgate conventional and'or new treatment technolo- 
gies, study methods for controlling discharges at the 
source, and provide cost and systems analyses of the 
vanous approaches. 

In seeking improved ways to manage sludge, research- 
ers will demonstrate melhod* to compact sludge using 
simple aefobic microbiological techniques and will de- 
• velop a vertical tul>e reactor for wet. chemical oxidation 
Also, to minimize the impact pf in-plant sidestreams on 
plant performance: researchers will identify current de- 
ficiencies in plant operations and^wMl 'devise improved 
operational procedures to counteract them 
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DRINKING WATER 

Can all Americans be assured of safe drinking water 0 
While this has traditionally been a concern of State and 
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local governments, the Sate Drinking Water Act of 1974 • 
directed the Federal Government to share in the respon- 
sibility through establishment of drinking water stand- 
ards andxprotection of drinking water and ground-water 
supplies. Drinking wktej research enhances the scientific 
and technical foundations that underlie government ef- 
■fentrto-setstantiardra^- - 



Objectives of the research are to identify those' harmful 
substances that occur in drinking water with sufficient 
frequency to warrant regulation, define the effects of 
those subjfences on human hbalth, establish analytical 
procedures to monitor contaminants, identify treatment 
processes or new treatment technologies capable of min- 
imizing contaminant N formaUbn for reducing concentra* 
<» tioh levels, and develop and validate equipment and tech- 
nologies for sampling and monitoring ground-water 
quality. Priority is given to the problem of ground-water 
contamination by toxic substances. 

For many areas (5f the country. the only ground-water 
' data available are those generated when serious episodes 
of contamination occur. The general lack of baseline data 
precludes attempts 10 rank potential contamination sources, 
to evaluate their relative adverse impacts on human 
health, and/ in many instances, to define feasible pol- 
lution prevention a^J control techniques The research 
program is designed to provide needed baseline 

( information. * t 

Its success depends on the capability to estimate 
ground-water contaminants accurately /Tlius. soil 
permeability tests,»j)articularly for industrial wastes con- 
taining significant amounts of organic solvents, will be 
developed and standardized. An emphasis will be placed 
on determining the gross biological activity in saturated 
and unsaturated soils, once determined, the information 
could lead to data»on the magnitude of industrial waste 

v contaminants in ground water. Methods will be devel- 
oped for improved and effective l use of radioisotope 

», tracers to investigate ground-water contamination* 
To maintain ground-water quality, knowledge of the 
vulnerability of nearby aqbifers'tq contamination is cru- 
cial. To help select future sites for underground was'te 
storage and disposal facilitfSs, methods of characterizing 
the earth's subsurface will be emphasized. Information 
on the impacts of specific sources of ground-water con- 
tamination, as well as* on the economic benefits gained 
from not polluting, is also needed. To provide that in- 
formation, the research will describe the transport and 
fate of pollutants* characterize subsurface environments, 
and then concentrate on specific pollution sources. 

♦ Ifi -addition, organic arid inorganic contaminants in 
drinking water will be studied. Researchers will look at 
potential health effects ranging ffeirfwaterborne infec-^ 
tious diseases to cancer and cardipvascular diseases. 
Water treatment technologies will'bejnves'tigated to de- 
termine jheirj^ffectiveness in combating diseases that 
may be cauSecTor'exacerbated by ground-water pollution. 
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CLIMATE ^ 

* The National Climate Program, initiated in 1978 and in- 
volving coordinated efforts of NOAA, DOE, USDA, the* 
National Aeronautics and Space Administration (NASA), 
and the National Science Foundation (NSF), has pro- 
vided the framework to enhance the Nation's understand- 



ing of dimate and climate fluctuationsTThe^ro^nTwa" 
established recognizing that dimate has a major influ- 
ence on such matters of national concern as energy con- 
sumption, agricultural production, and water resources 
management. V 

The first 5-year plan was completed last year. The 
basic strategy of the program is to sponsor research to 
expand our knowledge of climate while simultaneously 
producing useful climate data based existing infor- 
mation. To this end, a set of priority activities, has been 
established, and lead agency roles have been assigned. 
The six highest priority activities (called principal 
thrusts) are shown by activity category in Table 1. Re- 
search is a significant portion of all the activity cate- 
gories. For example, the study of the global carbon cycle 
is a key element of the carbon dioxide thrust. s 

Principal activities to take place over the next several 
years include: 4 

(1) Assessment of the impact of climatic variability on* 
> the economy of the Nation; 

(2) Observations to gain basic understanding of natural 
and man-induced climate variability; 

(3) Observations to help define climatic states and to 
study climate processes; 

(4) Data management to compile, organize, and dissem- 
inate an objective record of the climate, 

(5) Analysis and prediction of climatic fluctuations, and 

(6) Development bf information services to provide 
timely , tailored climatic information for use in ap- 
plications and research. 

Table /— Priority Activities of the v 

National Climate Program , 



Activity Category 



Principal Thrust 



Lead 
Agency 



Providing climate 
products 



Responding to impacts 
and policy implications • 
of climate 



Generation and 
dissemination of climate 1 
information 

Climate prediction 

Carbon dioxide,, C 
environment, and society* 

♦Climate- and world food 
production m 



f 



Understanding climate' Solar and earth radiation 

t * 
• Ocean heat transport and 

storage 



NOAA 

NOAA 
DOE 

USDA 

NASA 
NSF 
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HIGHLIGHTS' 

• * Sharp increases in energy costs have increased the 

costs of personal mobility and have far, outpaced pra- 

• ductivity gains m the transportation -infrastructure, 
especially the'air traffic control, highway, and railroad 
systems In addition, more efficiency in now con- 
gested terminal areas will be needed to expedite the 
movement of g<jods Concentrated efforts in trans- 
portation energy conservation will bef necessary to re- 
duce U.S. dependence on foreign oil, since the trans- 
portation sector accounts for over. half of the U.S. 
consumption of petroleum Lightweight structural 
components and electrification of vehicles are impor- 
tant research areas. ■ * 

• The world trade position of the United States is^ 
undergoing rapid changes in the face of stiffening for- 
eign competition. Research-on electric and hybrid ve- 
hicles and new technologies in engines and drivetrains 
will eivable the- auto industry to produce a new gen- 
eration of cars to compete in the international markets. 

' The aircraft industry will apply digital electronics and 
m innovative fuel-saving technologies to improve air- 
craft efficiency. Attention to port loading problems* 



•Parttcipanw m the ink group dcsetoping this section included representatives of (he De- 
partment of Transportation, the Department of Energy, and the National AeronUuiK* and 
Space Administration « 
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• and other (bottlenecks is necessary for competitive 
maritime ^transportation. Computer-aided design and 
manufacturing (CAD/CAM) and robotics techniques 
are being incorporated into tfje production of trans- 

- portation equipment. 

• Effortg must be made to provide the highest practicable 
level of^afety for people and property exposed to and 
earned by the Nation's transportation system. Ad- 
vances in telecommunications for navigation and 
warning systems and automation for highway trans- 
portation, mass transportation, and air traffic control 
will contribute significantly td safety: Movement of 
hazardous materials will continue to receive close 
attention. 

• Mass transportation faces many difficult challenges. 
Chief among them are fuel inefficient and aging ve- 

• hides. In this labor-intensive industry, operating costs 
are rising sharply and, seemingly, inexorably, and 
productivity is lagging. New approaches to vehicle 
and plant maintenance and to operations are needed 
to overcome thS prpductivity protjlem. 

INTRODUCTION 4 ' - 

Transportation has subtantially shaped the growth and 
development of the> United States. Waterways led our 
ancestors*to new frontiers, and today our waterway in- 
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dustry continues'to move goods efficient^ over the vast 
network of inland and coastal waterways. Railroads, 
which fed the hearths of an industrial revolution, now 
have renewed significance in an era x>f heightened en- 
vironmental and' energy consciousness.' Highways made 
us the most mobile population bp Earth, profoundly al- 
tere d Lour* land use patterns, and esta blished the impor- 
tance of the automobile, ^ruGk, and bus to the Nation's 
mobility and economic activfty. Mass transit provided 
the lifeline to city centers and now offers 1 hope for their 
revitalization. Aviation extended -its reach around the 
gl^be and helped design the interdependent world in 
which we now live Space transportation is increasing 
that interdependene> and enabling the conduct of activ- 
'ities'oft global scales not formerly attainable. •* *" 

The ITS transportation system provides the Nation* 
with the mobilitv it needs for "a strong and cohesive 
.economy. The netwofk is enormous- Amencans own, 
more than J 00 million automobiles that travel over nearl> 
4 million miles of roacfs The scheduled airlines will 
# {r.ansport more than 300 million passengers this year. 
The U.S. rail system is the largest in the, world with 
more than 300,0^0 miles of track. The American mer- 
chant marine fleet numbers more jhan 500 ships; there 
are over 100,000 dbcumenjed vessels and an additional 
• 14 million pleasure boats. The Nation's pipeline system 
camestaore than 2 btlbon tons of cargo annually. Public 
transit vehicles carry nearly 6 billion revenue passengers 
yearly. 4.4 billion Jby'bus^ and 1.5 billion by rail. v 
. Today , the U.S. transportation system faces manyWw 
challenges Our ability to deal with those .challenges wjll 
contribute to the future health of the Nation's economy 
because Jhe interrelated and tenacious problems of in- 
flation, energy dependence, and stagnating productivity 
are closely lmked to transportation efficiency and effec- 
tiveness. TJiose problems have led to changes in our 
values, priorities; and material wealth, and trj£ U.S., 
transportation system has had to adjust to the changing 
circumstances. The future will require even greater; ad- 
justments. We need a healthy, productive, responsive 
transportation system if we are to sustain and enhance 
the Nation's competitive position in world markets. En- 
ergy conservation and development must become a crit- 
ic al' element of that system. We' must also be able to 
transport people and goods efficiently if we are to realize 
our goals of renewed industrial and economic revitali- 
zation. While making v those changes we must also main- 
tain and improve the enviable safety record of our trans-, 
portatjon system. 

The importance of technological progress to economic 
growth has been the subject, of much study . Although 
trfe precise relationship, between economic growth and 
♦technolpgical innovation may be unclear, there is little 
disagreement that innovation is a necefsary element in 
economic growth. That is true particularly in the trans- 
portation sector, where technological innovations present 



. .many opportunities fijr enhancing its productivity, safety, 
and competitive trade position T A reAalized private'in- 
duslnv/will provider vastly/ improved capability to.deal 
/with the transportation problems of tf? 1930s and 1990s 

PRODUCTIVITY ?' 

In recentcbcades, prc^ ^jM^ 1 trie United Stat.es has 
^ made, at best, only modpntfe^ins. AtlRe^cbre ot tfie" 
problem have-b^en declines in tlje savings rate and in 
- capital inves;ment, excesfcve government regulations, 
spencjing, and*ta*es, and^a general (jetltoe in investments 
owi research and clevdldpmeati-ForJh^trafispprt^tion'see-^ 
Yor,,productivitv improvement has Been particularly dif- 
fi^cultjjecau^e the large incre^resjn the price t)f petroleunt 
. products, "have tended to £ar*outp%cjp any productivity 
gairls.. That, {rend can be expected no continue uffless 
• remedies.are'found for increasing fuef r pnce^li6or plGrb*' 
; lems, excessive regulations, tirgh taxe^aruHdeclining 
investment^. Advances in traffic control; ^fucttites amd. 
9 matenals, and other transportatioq' innovations would 
ensure that U*5. transportation system^ are able to 
support the increasing deinahds that will be made on 
them in the coming decade.' V * " ~ 



TRANSPORTATION INFRASTRUCTURE 
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Much of our highway s>stem. which is'used for 90 per- 
cent of the population's travel and accounts for 80 per- 
cent, by value, of goods moved,- i? rapidly, wearing out 
If trends continue, a major portion of the Interstate pave-, 

- ment will have deteriorated by the end of the 1980s, ^nd 
bndge maintenance will remain a major problem 1 The 
total highwav repair bill over the next 10 years will be 
in* the hundreds of billions of dollars To help deal with 
that problem. Congress has adopted the pavement' re- 
surfacing, restoration, and rehabilitation program and the 
bridge replacement program. The large investments to 
be made iti tjiose programs make the use of optimum 

Materials and designs imperative. Asphalt and portland 
cement are presently the only competitive paving mate- 
rials, and they are both energy intensive and in short 
supply . Although progress has been made jn finding cost- 
effective substitutes (for example, sulphlex), ♦basic/e- 
search questions must be resolved to make theij>a)m- 
mercial exploitation practicable. When that occurs, the 
use of substitute paving materials can reduce construc- 
tion costs and conserve raw materials by utilizing waste 
products as basi^inputs in their production 

Similarly, the main line trackage of Class I railroads 
in the United States vjill require constant maintenance 
and repair. Researches needed to imprest the efficiency 
of Ihe investments that the railroad industry wil} make 
in plants and equipment to handle the incasing tonnages 
of coal and other commodities. 

Improvements in nondestructive testing, new mate- 
rials and techniques for the fabrication ancT erection of 



bridges can substantial!) reduceH^abilitation 'and Ve- 
placetnent costs for both highways and railroads Fur- 

^ Jherniore, research to improv^the detection $f highway 
material ami sgi I structural flaws will reduce maintenance 
3f\d repalfcosts? f**+ .\ 

Although fhe current air traffic control system, in- 
cluding voice communication subsystems, is adequate 

• »to meet near-terfn demands. Us capability wiH be pro- 

* l(ded at^ieif increasing costs to users, and ther^is prac- 
*' tieally i\o potential for adding new functions or enhance- 
ments. Increasing demand 0V1 the limited capacity of the 
systeqri may reStrft in congesyon, which r^ise^ fuel con- 
sumptioi*'and retards the productivity of multimftfipn 

• dotted investments in jet aircraft. At the present time, 
research' into new avionics developments shows consid- 
eEa,b I ^promise for^making significant fuel^savings in" 

' cW&~and approach' configurations The resulting new 
. technologies can be expected to lowerm;ynrenance.<jpsts, 

' -allow the introduction) of innovative^ safety annuel ef- 
ficiency improvements, support the transition to auto- 
mated decisionmaking In air traffic conuoi, and other- 

*• wise enhance control ler and aviation industry productivity 
At the present time, approximately one third of the 
U S* bus mass transit fleet has over 12 years of service 
and should already have been replaced. The mass transit 
rail infrastructure, including vehicles, equipment, and 
facilities, desperately requires fepair or replacement. 
AlkAving the continued degradation of those systems 
will result in massive shifts of ridership' to autos with 
consequent energy, environmental, development, .and 
congestion impacts New approaches to equipment and 
facility rehabilitation can increase life, expectancies, 
lower life-cycle costs, and improve the quality of service 
rendered. * 



GOODS MOVEMENT 

Revitalization of the Nation's -industrial olant'and a re- 
newed competitive economic position fbr the United 
States in world markets will requite irhprovdfd efficient 
throughout the' transportation sector The development 
of new energy resources, the export of coal, and in- 
creasing movements of Qther commodities will place 
great demands on the freight transportation system. Pro- 
ductivity gains in freight transportation can be multiplied 
since transportation improvements induce additional 
gains in the producing sectors of the economy. Imple- 
ments in freight transportation can result in economies 
thaLwill make U S ,coal, grain, and, especially, manu- 
factured goods more competitive in world markets. 

Improvements -are needed not only for the line-haul 
system but also in terminals. Efforts to expedite the flow 
of cargo through terminals using advances in sensors, 
controls, and other technologies to. handle; materials, 
identify containers automatically, and manage the rele- 
vant flipping information have been seriously lacking. 
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Additionally, improvements in both the material uiklJhe 
structure of^ntainers for transporting hazardous ^mate- 
rials and geffirarcargo can lead to the elimination of 
man> of the problems that adversely affect the movement 
of goods through terminal areas. Efficiency improve- 
ments made possible by-research can dramatically in- 
crease system capacity, minimize equipment car short- 
ages, and allow capital to be used for otner purposes. 



ENERGY 

\ During the first three quarters of 1980. U;S. domestic 
^aauconsumption of oil dropped significantly, and gasoline * 

- usage declined to its lowest fevel in a'decifde. Never- 
theless, the U.S. oil imporlbill is still a staggering S|0.6 
million every hour. ThatJependence on foreign sources 
of oil seriously threatenslK-NHtions economy . It leaves 
the'United States vulnerable to supply interruptions, it 
creates a balance of pa/n f.y^ i .ti lem that destabilizes 
the* dollar, and it threatens the economy (in jobs, pro- 
cj^iction. and prices) as industry struggles ,to adjust to 
increasing oil prices. 4 f 

Dependence' on foreign sources of oil will continue 
^to be*a matter of great concern in this decade. Because 
transportation is almost comptejely depeodent on petro- 

- leum-based energy and uses roughly 50 percent of the 
petroleum consumed uuhe "United States, it muM par- 
ticipate substantially in energy conservation programs 
and increase the efficiency with which it uses energy. 
Successful research and development present a major 

. opportunity for reducing U.S dependence on foreign 
sources for petroleum products. # . 

During the years when oil prices were artificially low, 
the automotive industry had little incentive to pursue the . 
goal of fuel.efficier^ey, and the demand for transit was 
not high. Increasing fuel costs have changed the picture. 
However, 90 percent of all vehicle miles traveled in'the 
United States are by auto. Current conservation efforts, 
therefore, need to be focused on the auto and on personal 
transportation. Research must be directed at encouraging 
the automotive industry -toward innovative approaches 
and solutions ihS. improve fuel efficiency. For example, 

- the feasibility of fuel-saving developments in engines 
and drivetrains has been demonstrated in prototype ve- 
hicles," and the use of lightweight structural designs .is 
being pursued as a fuel-saving device. This effort in 
automotive research is similar to efforts in aviation to 
assess the effects on energy efficiency of using light- 
weighuomposite materials in ^craftVats and structural 
components. The work already completed on composite 
materials in aircraft suggests tha^such materials may 
also have appJications in the automotivejndustry , 

The electrification of transportation vehicles, both in- 
tercity rail and urban* highway . is an attractive, long- 
r%nge possibility for redticing petroleum dependency . It 
would provide a means of improving transportation e(- 
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ftciency using energy that can be generated from any 
relatively abundant source. During the past decade, the 
imperative for? reducing petroleum consumption has geYi- 
^ erated major research, development, and demonstration^ 
I programs for alternative automotive propulsion systems, 
including electric and hybrid vehicles, and for synthetic 
-fuels from coal, oil shale, and other .unconventional 
sources. Similarly, ttTe~ u^Tofsuch alternative fuels "as 
hydrogen for aircraft is being explored. There is a need 
for an intensified research effort focysed on 'improved . 
technology for electrification of railroads. Specifically, 
research is needed to bring: about a reduction 4n the cost 
of Catenar> construction, signal s> stem modifications, 
and electric locomotives, thereby making electrification 
more attractive to the railrbad^industry. 

in urbart transportation, another possibility for redirc- . 
ing petroleum demand is a highway -based electrification 
system to support nonrail \&hides4buses. r 4ruckv^and 
autos). Currently being explored is the transfer of power 
through magnetic flux with no physical contact between 
the roadway and the vehicle, thus obviating the need for 
overhead wire systems or live surface elements. 



WORLD TRADE 

In an increasingly interdependent international economy, 
U S transportation, provides vital Jinks among the 
world's nations. Since the end of World War II, inter- 
national trade and travel have grown very rapidly, and 
the United States has become increasingly dependent 
upon the foreign markets and foreign resources that in- 
ternational transportation makes accessible. The U.S" 
position, in th« world ecop<i>my. however, is 'rapidly 
changing as our tradylonally strong industries struggle 
to maintain leadership in the face of growing competition 
from abroad. In transportation, .the Ghanging nature of 
world markets is particularly evident for the automobile 
industry, iyass transit technologies, aircraft manufactur- 
ing, the maritime industry, and advanced production 
electronics. 

ALTO INDUSTRY 

In 1977. sales of full-Mzed passenger vehicles in this 
country held a solid 30 percent of the market. To.day. 
that share has shrunk tc^|5 percent, while small car sales 
Jiave grown to over 60 percent of thdi market, and nearly 
harlf v of the small car sales are imports. To survive and 
to reassert its previous world % market leadership, the 
American automotive industry must devote more re- 
sources to scientific and technological development. 
S^ome research in progress has shown promise for the 
automotive industry.. Important advances 1 have b^een 
made in electric and hybrid vehicles, In addition, .pro- 
totype vehicles are being developed to demonstrate that 



currerf technology in improved engines and dnvetrains 
can b| integrated with structural improvements to pro- 
vide greatly enhanced fuel economy Such breSkfhroifghs 
in both l i a s ic and applied automotive research Will help 
the industry develop a new generation of cost-c'ompeti- 
tive. fuel-efficient, and environmentally sound auto- 
mobiles that can compete in the international market in 
the-commg decader ~ 

MAS^.'fRANSlT 

** * 
U.S. transit vehicle manufacturers and their supplying 
component industries are also being affected by foreign 
competition. Many cities are purchasing articulated 
buses that are foreign made. The most^)opular small bus 
in many^ urban areas for transit routes with lower pas- 
senger volumes and for specialized transportation to el- 
derly and handicapped persons is foreign made Many 
transit operators, dissatisfied with the new generation ef — 
transit buses^ are ordering buses manufactured to meet 
specifications of the last generation 

Currently, there are only two major full-sized bus 
manufacturers and one rail car manufacturer within the 
United States; the rail car manufacturer is foreign owned 
The major problems confronting U.S transit vehicle 
makers include a small market (limiting ihe incentive to 
•invest in innovation), the tendency of suppliers and sub- 
suppliers to produce for applications other ^than transit 
and to minimize modifications necessary to fit transit ^ 
users, and the perceived instability of the transit market. 

AIRCRAFT MANUFACTURING 

Exports by aircraft manufacturers increased dramatically . 
in the late 1960s through the .mid-1970s. More recently, 
there has been^another surge in the demand for U.S - 
manufactured large transport aircraft as a result of the 
desire of major world airlines to reequip their fleets with 
more fuel-efficient planes. Nevertheless, the commercial 
success of the European consortium's A-300 Airbus 
poses serious competition for U.S. airplane manufac- 
turers. In addition, while two thirds of all U.S. domestic 
air passengers board small planes designed for short- and . 
medium-range trips, those small planes being operated 
by U.S. airlines are often of Canadian, French,- and Bra- 
zilian manufacture Maintenance of U S market domi- 
* nance in airplane manufacturing is especially important 
in light of the industry's l contnbution to the U S trade 
balance. Recent penetration of domestj^ markets by for- " 
e(ign manufacture^ has sent a clear message to the U S 
aircraft manufacturing industry. 

Considerable Federal scientific and technological in- 
vestment is being made in improving the fuel efficiency, 
productivity /and utility of both large and small transport 
aircraft. Already", advanced guidance, navigation, and 
flight control systems and displays have been developed 
and verified by flight tests so that the industry has suf- 
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ficieht confidence to incorporate digital electronics tech- 
nology into the new generation of large transport aircraft 
Similarly, innovations in aircraft propulsion technology 
and lightweight composite materials show great promise 
for significantly enhancing fuel efficiency. Continued 
innovations of those ty pes are necessary', howe>(er, if the 
U.S aerospace industry is to continue to predominate 



in competitive domestic and international markets 

MARITIME INDUSTRY 

* The vast preponderance of our foreign trade moves by 
ocean vessel and is expected to do so for the foreseeable 
future. For this reason, the cost and quality of maritime 
transportation are of vital concern to the U.S» economy. 
However, even though the United States maintains and 
promotes a flag merchant marine Meet, it carries only a 
small part of our foreign trade. 

Recent technological developments in ocean shipping 
could change the international situation The irjtroduc- 
tion and growth of unitized cargo systems have opened 
vast opportunities for more rapid, secure, and efficient 
movement of goods. The technology has promoted the 
development of new families of ocean-going vessels that, 
* being capital rather than labor intensive, tend to reduce 
the competitive disadvantages of U.S. vessels However, 
better methods for transferring cargo through terminhls 
are needed desperately. Improvements in sensors, au- 
tomatic'container identification, and the handling of ship- 
ping information are required \o that terminal areas do 
not remain bottlenecks. Likewise, technological im- 
provements in containerized vessels will provide more 
flexibility in supplying the changing commercial markets 
while also enhancing the ships' utility for national 
defense. " , 

A major maritime innovation has been the supertanker. 
'.That quantum *jump in technology has raised special 
problems in navigation and traffic separation^pollution, 
and (he adequacy of port facilities. The potemiai econ- 
omies of scale that supertankers provide hav^ not been 
fully tapped because technological hurdles in ports, load- 
ing facilities, and other areas have yet to be satisfactorily 
.addressed. 



ADVANCED TRANSPORTATION PRODUCTION 
ELECTRONICS 

A supporting technological development tKat holds 
promise for aiding the U.S. transportatiohmanufacturing 
industry is compCiter-aided design and mnufac turing" 
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^^llhough the potential benefits of CAD, CAM are sub- 
stantial, the adoption of the new disciplines in the manu- 
facturing of transportation equipment has been lagging. 
One constraint has been that successftlTapproaches to 
many of the "pieces'* of computer control systems, for 
example, three-dimensional modeling, have not been 
developed. However, a properly directed research pro- 
gram ^carT reaMy^rJFeach s^TiTechnic^l~barners: Uni- 

• versity research, conducted in cooperation with the trans- 
portation equipment industry, can assist in bolstering, 
CAD/CAM technology in the transportation industry in 
several ways. First, such university programs will help 
to train specialists. Second, the programs will develop 

* improved hardware and software for design and manu- 
facturing tasks. Together, those changes will ultimately* 
make available the personnel and technical bases that 
will accelerate the rate of adoption of CAD/CAM tech- , 
niques Then industry can expect increased worker pro- 
ductivity, improved product qusJity, shortened lead* 
times in bringing out competitive irew products, and 
flexibility in adapting models, for instance,, new cars, 
to customer preferences. 

Roboffcs is another technology ^of crucial importance 
to the modernization and increased productivity 4>f the 

-4J.S. transportation manufacturing industry. Once again, 
it is an area in which the Untfed States hjfas lagged far 
behind its foreign competitors. The Japanese,, presently 
tfie world's leaders in robot technology, have demon- 
strated the use of robots for such industrial processes as 

v cutting and grinding, pressing, plastic molding, welding, .m 
die casting, heat treatment, and assembly: The largest 
area of demand for robots in Japan has been the auto- 
mobile industry, accounting, for 35 percent of total robot 
use. The United States has the capability to be the world 
leader in innovation, use, and export of robotics; how- 
ever, ^the research needed to develop and realize fully ^ 
the benefits of the technology must be programmed and 
completed. / 
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(CAD/CAM). Those techniques are being rapidly intro- 
duced into the Nation's induStriaJ plants. Innovations 
include product design and drafting with the aid of spe- 
cialized software, numerically c'onfrolled machine tools, 
and a whole range of computer-aided^manufacturing 
processes (for example, reliability engineering). 

u ' A. 



SAFETY 



The size and complexity of the U.S. transportation net- 
work inevitably involve accidents that result in deaths 
and serious injury. While a completely accident-free 
transportation system is not possible* We must seek to 
provide the highest practicable level of safety for people • 
and property, exposed tq and carried by* the Nation's ** 
transportation systems as we seek toideal with transport- 
related economic, energy, and environmental issues. " ' ^ 
... Although motor vehic le fatalities account for most * 
transportation-related deaths, substantial losses are afso 
due to aviation, railroad, and maritime accidents. Safety 
efforts must be directed toward protecting occupants, 
improving vehicle right-of-ways, increasing operator * 
skills, and safeguarding the transport of hazardous 
materials. * 
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TELECOMMUNICATIONS , , 

t , * 

Advances in telecommunications bode well for improv- 
ing the safety and efficiency of transportation. The in- 
novative use of improved capabilities in radionavigation, 
radiolocation, and radiocommunicatibn systems can pro- 
vide services that are economical and environmentally 
sound and that also meet safety needs. The requirements 
for improved and coordinated navigation systems are 
becoming more stringent as the numbers of vehicles in . 
the airspace and on the waterways increase. On highways 
and railroads, there is an urgent need for systems to 
^provide coverage in built-up areas and for systems to 
serve less densely populated areas. 

Rapid advancements in electronic Communications, 
and computer microprocessor technology have combined 
to produce small and reliable electronic hardware at low 
cost The availability of that hardware has improved the 
feasibility of developing systems to forewarn drivers of 
highway hazards concealed by intervening curves, fog, 
or other conditions Similarly, technological innovations 
in weather.radar will provide dramatic improvements in 
die detection and warning of severe conditions and pro- 
vide improved general weather information for air and 
surface vessel traffic. Also, advances jn beacon tech- 
nology will enhance the safety of air nave h by reducing 
-the potential for mid-air collision Using state-of-the-art 
telecommunication and related devices, research is being 
conducted to provide more efficient consumer inquiry 
information to transit users, to improve transit system 
and vehtcle management, and to increase passenger 
safety and security. Those improvements are vital to 
.maintaining existing transit systems and to improving 
their productivity and efficiency 

SYSTEM IMPROVEMENTS 

Automation in highway transportation, mas^ transpor- 
tation, and air . traffic control holds the possibility for 
major improvements in system safety as well as in pro- 
ductivity, energy conservation? and other areas. How- k 
ever, people will remain active participants. ResdSrch 
into automated traffi? tontrol must place* considerable 
emphasis on promoting a man-machine interface that lets 
the person understand what the machine4is doing and 
why.it is doing-it, and provides for intervention as nec- 
essary. Techniques that enable a computer to analyze 
and evaluate, its performance and thereby improve its 

« 



fature performance (in other wortis, "learn from expe- 
dience") will serve to increase human confidence in 
highly automated control systems. Highway aut<5friation 
not only requires technical -hardware development but 
may involve . major institutional changes. Likewise, 
transit would require *HSrdware and software develop- 
ment before significant improyements in service can be 
achieved. Finally, introduction of hidra-^levels , of au- 
tomation to air traffic control functions will require re- 
placing hardware and software now/located at 23 do^ 
mesne and pffshore control centers. Numerous technical 
hurdles will have^o be overcome before a replacement 
system can be integrated into the existing control system 
'in a way that is*not disruptive to controllers, pilots, and 
other users while maintaining system rejiability ap- 
proaching 100 percent. Advanced electrification tech- 
nology, an attractive possibility Joy bus, truck, and auto< 
system improvements, -has potential for enhancing trans- 
portation safety. 

HAZARDOUS MATERIALS 

The safety record for the ^transportation of hazardous 
materials is remarkable in tfiew of the large volume of 
such shipments. Over 2^0,000 hazardous matenalsShip- 
ments per day are estimated to move through the U.S. 
transportation network'^nd the shipmei^tof hazardous 
materials is expected to grow faster than that of other 
commodities over the next 10 to 15 years.* 

Accidents leading to casualties primarily involve onl^y 

* a<jfew*of the nearly 2,000 regulated commodm^. Con- 
tinuing research is needed to develop and use techno- 
logical applications and advances to improve the safety 
of transporting hazardous materials. Because of the pos- 
sibility of a catastrophic occurrence, local communities 
have beguiT-to generate State and Ideal laws designed to 
protect themselves. £ome of those laws may imperii their 

' neighbors and impede the flow of goods Research holds^ 
the key for developing innovations to 'prevent catastro- 
phes and the technical bases for sound operational prac- 
tices and procadures. For example, extensive research 
into new technology to trar/sport liquefied natural^ ga>s, 
a super-cold, highly explosive material, is needed There 
is also a peed for innovations in the identification of 
♦hazardous materials in transportation mishaps, •emer- 
gency response mechanisms, and, fnformatiom 
dissemination! * * „ 
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HIGHLIGHTS 

• The fteed tg^ncrease agricultural production despite 
the scarcity of both new land and new water resources 
is a dialjenge for science and technology. Solutions 
exist in better management of existing natural re- 
sources while also increasing crop and animal pro-* 
ductivity through biological research, and management 
of their 'environments, including injiovative ap- 
proaches to disease and pest management. , ^ 

• Meeting national needs for ensured adequate food sup- 
plies and improved health through nutrition* involves 
efforts to define nutritional needs; monitor eating hab- 
its ^determine the nutritional value of forfds; and aSsess 
the effects of food assistande, nutrition education, and > 
other government pr6grams 'and' policies. 

• Significant issues in food marketing anti postharvest 
technology are addressed by research and technology 
transfer to improve food safety, reduce product losses, 
and lower production costs:- 

f The structure $f agriculture, or the way the industry 

• is Qrgani^ed to carry out its fqnctionfc, is a significant 



" Participants id t/ie task group developing this- section included representatives of the De- 
partment of Agriculture, the Department of State, and the National Aeronautics and Space 
Administration . _ 



factor in itsabilify to meet' national needs. Challenges 
exist for Science and ^technology to focus on (1) ttfe 
structure of/arming, ranching, and the food industries; 
(2) the impacts of the adoption of new agricultural 
technologies; and (3) agricultural production of non- 
foods, including natural fibers from renewable re- 
sources, plant-delved industrial hydrocarbons, and 
energy. , ( 

* Employment and inebme in rural communities lag 
behind those of urbar^ areas. Opportunities* exist to 
assist rural areas with research apd development oh 
improved waste management, transportation, com-- 
munccation technologies, and appropriately scaled 
technologies for rurally located plants and services. 



INTRODUCTION ^ '. 

* *. * * 

National ngeds in food and agriculture include ensured 
sufficient agriculturgj production to meet growing do- 
mestic and export derrfands, adequate ntfurns to farmers; 
dampened fluctuations in foo'd prices, improved Health 
througji better nutrition and food safety* better manage- 
ment of the jiatural resource base, and improved effi- 
ciency and reliability in domestic and export marketing 
systems. It is the mission of food and agricultural sci- 
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ence. technology, and education to ensure that those 
needs will be met with increasing effectiveness even in 
the face of ever-increasing challenges. 

There has been growing concern about the supply of 
graduates of higher education qualified {pr employment 
in food- arid agriculture-related positions. Under the as- " 
sumptions and criteria of a recent study, 1 an imbalance 
in the supply of, and demand<for. gfaduates of higher 
education in the food and agricultural 'sciences is shown. 
\l appears that estimated supphes>of. graduates with ad- 
vanced degrees will not be able to satisfy the envisioned 
employment demands in a number of fields. 

Issues deriving from the needs mentioned above are 
being addressed by science and education programs m 
the Department of Agriculture (USDA) and by cooper- 
ative, coordinated, or independent efforts'in other agen- 
cies, including the Departments of Commerce. State, 
Health and Human Services, and Energy; the National 
Aeronautics and Space Administration (NASA); the En- 
vironmental Protection Agency (EPA), and the land-, 
grant and other universities. 

Opportunities and problems, within five broad topic 
groups are described in the following paragraphs. The 
first topic group describes agncultural resources and pro- 
ductivity as thqy relate to the food and fiber supply. The 
second group describes the area of human nutrition. A 
third set relates to marketing and postharvest technology 
for food and agricultural products. A fourth topic is the 
structure of agriculture and agricultural policy. Finally, 
issues in rural and community development are ad- 
dressed. The order of presentation is not an indication 
of priority, since each organization interested in agri- 
culture would place a different emphasis.op what is most 
important. 



AGRICULTURAL PRODUCTION 

* Continued concern for increasing American agricultural m 
capacity reflects projected increases in world population, ' 
th€ growing role of agricultural output in world trade, 
and opportunities for using agricultural products and 
byproducts as substitutes for nonrenewable resources or 
"to augment supplies of otherwise scarce commodities. 
Shortly after the beginning of the century, mosj of the , 
"better agricultural land had already been brought into 
production. Between 1944 and 1974, irrigated land 
acreage dbdbled. As the 1980s unfold, both new Jand 
and jnew water for agricultural development are becom- 
ing,, increasingly siarce. That means increases in agri- 
cultural capacity must come from more Careful manage- 
ment of natural resources and from productivity 
improvement.* ' 

Providing enough agncultural production is a complex 
issue. It is treated here as a hierarchical structure of 
subissueS, including groupings in the major areas ofnat- 



ural resources and the environment, crop productivity, 
animal productivity, and pest management. 

NATURAL RESOURCES AND THE ENVIRONMENT 

Cdnsideration of natural resources and ^e environment 
in relation to agricultural production requires a multi- 
disciplinary approach to research and to technology 
transfer. Problems exist because of shifts in priorities, 
more intensive uses of resources, and the need for hu- . 
mans to share the environment for differing purposes. 
Thus the opportunities for and the constraints on con-, 
tributions to resolution of natural resource issues by sci- 
ence^nd technology may. themselves,' be judged in hu- 
man value systems. as part of the issues,. ^ * 

Environmental Concerns • v > 
Environmental regulations aqd low economic returns' 
place constraints on the American farmer in his effort 
to produce food and fjber. Farmers will neecNo institute 
some practices that* are not. cost-effective in the'short 
tferm if they are to comply with environmental regula- 
tions. This implies that increased emphasis should be 
placed on developing procedures to assess the effects of 
S91I and crop management practices on runoff, erosion, 
and water quality and on developing. new management 
practices to ensure a continuing high level of production 
while^ maintaining 5 or 'improving" the quality of the 
environment. * * 
The costs of complying with environmental reigula-t 
-tions, given current technology, may vary substantially 
among different geochmatic farming regions and among 
different enteFpnses. For example, research results in- 
dicate that the cost of meeting environmental require- 
ments while disposing of wastes from'. some confined 
livestock operations are higher for smaller enterprises 
and that costs are affected b^ temperature, water balance, 
soil characteristics, and topography. The cost differences 
may encourage development of more large-scale enter- 
prises, with subsequent shifts in the location bf .produc- 
tion and trie necessity for r adjustments in resources and 
produce markets. However. th£ cost of transportation 
may prevent regional shifts in many commodities. The 
extent of such impacts will depend upon the development 
and use of new technologies and systems. Where envi- 
ronmental objectives are competitive with production 
objectives, impact evaluations of prospective technolo- 
gies and compliance pojicies would assist in the selection 
of alternatives. 

Land -Issues, 

America's land resource ba5e will be called upon to 
produce an ever-increasing quantity of food, fiber ; and 
timber. At the same time, the increasing population 
means that additional land is needed for nonagricultural 
purposes. Almost 3-million acres of cYopland (much of 
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it prime farmland) are diverted from agriculture to other 
uses each >ear As the better land is removed from the 
agricultural cropland base, farmers shift to less suitable 
land, where, given the same technology yields are 
lower, costs are higher, and environmental pollution 
through erosion increases Basic research on the chem- 
ical and physical properties of soils provides opportu-^ 
, niiies to develops stems oT farming practices that utilize 
less than prime lahds more efficiently in the production 
of fooc^ and fiber without signifkarttly contributing to * 
increased degradation of soil and water resources. 
, Economic and legal analyses of Federal, State, and * 
local policies and programs on rural land use are needed, 
particularly as those policies &nd programs affect the 
allocation of land for agricultural and other uses. Iden- ' 
tification of such institutional factors as tax, structures, 
inheritance laws', zoning provisions, and other variables 
affecting land' use is needed to aid research and economic 
intelligence with respect to land use planning and policy, 
consequent distributional -impacts,, and 'economic effects 
on U.S agriculture. e ■ ' 

•It has been Estimated that 2 billion tons of agricultural 
soil are eroded annually Erosion of that rrfagnitude 4 
dampens prospects of continued long-term pro'ductiv ity ' 
increases Research is needed to determine the/relation- 
# ships between soil erosion and agricultural productivity 
to assist in the development and selection of appropriate 
conservation tillage systems and other technologies for 
soil conservation. 

Wafer Issues ' * 

Industrial, household, and agricultural water <?requlTe- 
ments are increasing As a result, ground-water with- 
drawal in many parts of the world vastly exceeds the rate 
at which it can be replenished. In the United States, over 
one fourth of total farm teceipts come from the 1 2 percent 
*bf the cropland that is irrigated, and the use of irrigation 
^increasing in all areas of the United States where water 
resources are available at a reasonable cost About 40 
percent of the irrigation water is ground water. Projected 
domestic water use by the increasing population and for 
energy production indicates that the Nation is fast ap- 
proaching the point where the availability of fresh water 
may be the limiting factor in food and fiber production. , 

Science and technology offer opportunities to develop 
irrigation management systems *for utilizing and distrib- / 
uting wfcter more efficiently. They include drip irrigation, 
irrigation scheduling, and recycling of wastewater. Sci- 
entific and technological capabilities can also be used to 
shape alternative farming systems, for example, research 
can lead to the development of plants that require less* 
water or are more adapted to saline water. Aijiird way 
that science and technology carTassist in conserving the 
supply and maintaining the high quality of water is by 
development of strategies for the replenishment of 
ground-water aquifers. ' ' 
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There is also a need for.technical information on the 
fate and pathways pf chemicals in the soil and associated 
water under irrigated conditions. With rapidly changing 
^ costs for plant nutrients and irrigation water application, 
the existing technicalniat^are out of date and no longer 
adequate for providing the best recommendations for 
sound irrigation, cropping systems. Water quality plans 
are also difficult to formulate duetto rapidly increasing' 
energy and water costs Basically, research is needed to 
compile proven technical and economic information on 
chemicals in the soils and associated ground water and 
^to improve knowledge of the nitrogen cycle and the re- 
lated effects of organic farming and waste recycling 

As the Nation moves to greater dependence on coal * 
as an energy source, the acidity of precipitation is ex- 
pected to increase, potentially inhibiting gains in agri- 
cultural productivity^ by introducing yet another stress 
on crop plants and natural ecosystems 

Weather 'and Climate # ; \ - 

While cyclical changes in precipitatiop patterns* have* Jed 
to drought conditions in most areas of the world, ex- 
cessive precipitation, also delays planting, and creates 
poor growing ahd harvesting conditions. There are two 
ways to help those managing the food system to adapt 
to changing weather and climate patterns. One is tKrough 
improved forecasting, the other is by better under^tand- 
ii^pf functional responses of water supplies, crops, and 
animals to adverse weather,, ' 

CROf* PRODUCTIVITY r 

The rate of'increase m the yields of major U S. crops 
in the last decade has been declining. Several studies, 
have projected that the-world population will gmw to 7 
or 8 billion in the next several decades. That implies 
expanding world'demand for U.S. -produced crops. Dur- 
ing the last decade, the United States has been relying 
increasingly on crop expqrts for relief from foreign trade 
iand exchange imbalances due to a restructured world, 
qpergy situation. ' " 

Opportunities for scientific and technological con* 
tributions to increasing crop productivity may be clas- 
sified in two broad categories, the biology of the 
plzftit and the control and management of the -plant 
microenvironment. 

The Biology of the Plant ^> 

t Traditional approaches' to improving plant physiology 
through breeding have been important in increasing the 
crop yields in the United States. They are the approaches 
to be relied on as the principal current efforts to improve • 
and maintain crop yields and to upgrade nutritional qual- 
ity Some of the newer technologies should be viewed 
as supplementary to b^sic approaches, experimented 
with, an'd developed as» scientific oppojlunities^r the 
long term. - • ■ 
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f A thorough understanding of the systematic relation- 
* ships involving Combinations of organisms permits max- 
v imum use of genetic variability in striving to reach spe- 
cific objectives improp protection and trop improvement. 
•Such new approaches and technologies as comparative 
phytochemi&try, computer-assisted analyses of plant 
population aynamics, correlation data in systematics, 
and the increased emphasis on cytogenetics, breeding 
'systems, and biosystematics, along with the well-known, 
traditional" approaches, provide a basis for potential suc- 
cess Reduction of . losses caused by > environmental - 
stresses associated with temperature, moisture, air pol- 
lijtior), soil mineral content, salinity, and acidity is a* 
time proven objective of plant breeding. Crop's that can ' 
be grown economically on less productive land must be 
' developed The optimization of genetic-environmental 
interaction r^ust be accomplished through both breeding . 
and cultural practices Traditionally, environmental * 
modification has been emphasized independently oT 
-breeding, but there js an opportunity for breeding to - 
contribute much more* Major refinements can come 
through genetic tailoring of plant species to meet envi- 
ronmental stresses and pest problems. That requires the 
broadest possible array of genetic diversity in germplasm 
» collectionVof crop plants. 

A^concerted multidisciplinary effort could contribute 
to better definition of each of the stages that help to 
'determine a plant's net photosy nthetic efficienc) arid to 
define interrelationships among the several functional 
stages in the total physiological .system of the plant 
Improved knowledge is a prerequisite to the develop- 
ment through genetic and plant breeding research of com- 
mercial plant* varieties having higher levels of net photo- 
synthetic efficiency and higher yields in a given 
microenvironment 

* Genetic modification of cereal grain plants to utilize 
nitrbgen-fixiri^ bacteria would sharply reduce energy re- 
o quirements and costs of production, it would also reduce 
the threat of environmental pollution from use of nitrogen 
fertilizers. A concentrated effort to identify and define 
areas and .methodologies for using recombinant DNA *' 
technologies for advances in the crop -sciences and tech- 
nologies would address those ends. • 

A constraint that is threatening the potential ot clas- 
sical plant breeding' methods for achieving improved 
plant productivity is that the sources of genetic diversity 

. for some crop plants and their .wild relatives are rapidly 
diminishing, and resources are not currently available 
to adequately evaluate crop gerrnplasms. Constraints on 

. developing plants for stressful environments include the 
complexity of incorporating stress resistance .into the 
array of plant breeding objectives, the insufficient eval- 
uation of germplasm collections to identify needed ge- 
netic traits, and the growing need for the formation of 
. interdisciplinary teams that include plant breeders, phys- 

/ iologists, and soil scientists. * 



Management oflhe Plant Muraethironment 

The demands on the biosphere of expanding population 

♦ are accompanied by contin^us pressures ,to establish 
and manage ecosystems that optimize food production 
while proyfling other benefits Major opportunities for 
contributions by science and technology lie in the con- 
tinuing development and assessment- of technological and 
management alternatives including the establishment of 

^different' crop plant densities, plant associations, plaint 
selection, cropping patterns and crop production, pest 
management systems, and fertilizer systems. Also needed 
are efforts to meld independently developed information 
and subsystems addressed to agronomic' practices, in- 
tegrated p£st management, and weather and climate into 
more comprehensive integrated crop gro'duction systems. 
The ways that such management and' technological al- 
ternatives affect ecosystem management for broad eco* 
nomic.and social objectives should be assessed Addi- 
tional attention to increased rangeland productivity 
potential as a source of leed for ruminants, for environ- 
mental quality* improvement, and for improved wildlife 
habitat sterns warranted 

/ * 

Sales of animals and animal products from farms rep- 
resent at lQast one half of ttfe total value of farm products 
Animals and animal products supply many of the essen-^ 
tial nutrients consum5d-*by man Ruminant animals con- 
vert plant materials that would noJt otherwise enter the 
food chain Research and education on animal protection 
and production are essential to the .continuation ol the 

* plentiful and^cont>mic"al supply of animal foods that the 
American con^jmer enjoys. . «■ 

The BJology of Animals , * 

* 

The breeding herd in a meat animal industry is portrayed 
as a capital irfv^stment for the production of meat by its 
provjsion of progeny . The lorjgqr the gestation and sexual 
maturity penodsNhe higher the overhead costs There 
are opportunities through science and technology to im- 
prove the "reproductive *perYormar\ce of bee£ arid dairy 
cattle, sjleep: and swine. ■ J 

Increased efficiency in animal- production depends 
upon improving genetic capabilities for specific pur- 
poses. For example, continued cKanges over tmie have 
been reflected in greatly reduced fat *in pork carcasses, 
increased milk yield £er cow, and increased rate and, 
efficiency of weight gain in broilers and swine. Major 
opportunities exist in such areas as (I) breeding and 
Selection to improve genetic* capacity for production/ 
(2) reducing current losses and overhead costs due to 
reproductive problems, (3) increasing the efficiency of 
feed utilization and determining the relationship betweefr 
nutritional status and disease susceptibility, (4) devel- 
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oping methods for increasing the use of feedstuffs not 
directly utilizable as food for people, anci(5) modifying 
the ratios of fat to protein in animal products by genetic, 
physiological, and nutritional approaches. 
• « 

'Aquacitlture 

v . Aqdaculture, the controlled cultivation and harvest of 
aquatic animals and plants, offers numerous opp^uni- 
ties for science and technology to contribute to continued 
growth in the food { supply .'-Research and transfer of in- 
formation can help to improve, production, processing, 
and mariceting practices and to' reduce environmental 
pollution resulting from aquaculture production 1 and/or 
processing. / 

Management of Animal Environments 

< Diseases and infections are of major concern in the man- 
agement and production of 'foo^-producmg animals-, 
Their control requires the same kinds of research and 
technology as does control of similar diseases and par- 
asites in humans. 

The environment m which livestock are kept affects 
their production and reproduction efficiency Research 
on environmental management systems provides contin- 
.uing opportunities for finding ways to adjust to both/ 

c technological developments aad changes m prices and 
costs. 

-Current concerns likely to persist through the next 
5-year period Snckide consumer, nutritional, and envi- 
ronmental issues l&olvmg livestock and livestock prod- 
ucts. Those issues increase the challenges to animal 
scientists for prioritizing and allocating research re- 
sources. Constraints on anicr^l Science and technology 
include the enormous costs of developing and testing 
new chemicals or drugs, the appearance of pests resistant 
to drugs and chemicals, the absence of basic research 
ypon which to build- new technologies, the rejection by 
society of some methods of predator control, and the * 
redistribution of research resources to address additional 
problem areas.- * ^ 



P&5T MANAGEMENT SYSTEMS 

J 

Since pests play such an important role ^agricultural 
productivity, they are treated separately here rather than 

m in the context of crop and animal productivity. To in- 
crease productivity through pest management systems, 
major emphasis is accorded to selective chemicals, bi- 
ological corftrols, attractants, and breeds 6r varieties of 

'animals and crops that are either resistant or rrjore tolerant 
to the afttacks v of various insects and-diseases. Of prime 
importance in developing improved control technology 
is research on insect physiology, genetics, and behavior. 
Pest management systems can be used to prevent and/or 



Agriculture 785 

« * 
control many diseases, weeds, and parasites that cur- 
rently cause large losses. - * 

Evidence of adverse effects of chemical pesticides has 
resulted in increasingly stringent constraints on their use. 
Given tbe magnitude of pest losses, this development 
has created the potential for a large social return from 
development and use of environmentally safe and effec- 
tive pest management strategies for a wide variety of 
crops and animals.' 

,The movement of people and goods throughout the 
world increases the risk of introducing new pests. Man- 
agement options for reducing that risk include improving 
quarantine procedures,, improving methods for early de- 
tection of foreign pests, and expanding science anji tech- 
nology 'programs in other countries aimed at establishing 
integrated pest management procedures to lessen the in- 
troduction of pests into'the United States. Tfie concept 
of integrated pest management (IPNJ) is the selection, 
integration, and implerAentarion of pest control tactics 
in a systems approach based on anticipated'economic, 
ecological, and sociological consequences 

New pest control approaches derived from the study 
of plants and animals themselves will be increasingly 
drawn upon to reduce dependency on chemicals that have 
potentially adverse effects on the environment. Ap- 
proaches that already exist include the use of plant, in- 
sect, and nematode pathogens, pest-resistaut plants, in- 
sect attraqtants, pheromones, and hormones; and cultural 
and mechanical methods for disease, insect, nematode, 
and weed control These are Combined with such bio- 
logical controls as parasites and alternative chemicals. 

Improved impact-evaluation tobls could contribute to 
more accurate determinations of cost-effectiveness and 
economic impacts of alternative pest control strategies,, 
.including IPM practices There, are numerous opportun- 
ities for research on the environmental/economic, and 
social impacts on agriculture of alternative Federal en- 
vironmental quality standards, policies?" and programs, 
including the impacts on farm production costs, income; 
and consumer prices. / 



HUMAN NUTRITION . 

As jhe Nation has become increasingly mterestedjn pro- 
moting health and preventing disease, Qutntion h'as-re- 
celved heightened attention. Vanpus groups have "ex- 
amined human nuttitioff research activities at the Federal 
level, and their numerous reports.' have recommended 
.research priorities. *- * t 

In March 1979." USDA published its own priorities j 
for the upcoming decade. In Food and Nutrition for the 
1980s. Moving Ahead, the Department defined six major 
areas of^ research that Illustrate the integrated direction 
research must take if it Ts to provide answers for im- 
mediate application m critical national policy areas. 
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NUTRITIONAL NEEDS 

Information on the nutritional needs *Sf people of all ages 
is important* Specffic high-priority areas can be identi- > 
fied foceyery age group ranging from 'the prenatal to the 
elderly.. There is a particular need to defineJhe relation- 
ship 'between diet and the chronic diseases that* are the 
major health problems of Americans. The role of nutri- 
tion in optimal intdlectuah and physical development, 
in the outcome of pregnancy, and in the aging process, 
which involve^an increasing proportion of the American 
population, is an area for increased res&rch efforts. 

EATING' HABITS 

American supermarkets today offer consumers the op- 
portunity* to choose from among some 11,000 items. 
New products are introduced almost daily. Others dis- 
appear from the shelves. Our fRrtl supply is a kaleido- 
scope of constant!) changing packages, products, for- 
mulas, and conveniences Thus, individual eating patterns 
are changing faster than we can presently monitor them 
Present survey techniques do not adequately measure 
what people eat. Efforts to formulate national nutritional 
policies or to design intervention' programs, educational 
programs, or possible regulatory actions heed to be basecj 
on knowledge of the* factors affecting cpnsumer food 
chpices. Therefore, it is important to revise tlTe methods 
w-e use w find out .what individuals eat and fiitd new' 
wa>s to me^ure economic and nutritional impact 

FOOD FLOWS AND' NUTRITIONAL VALUE 

Information is needed about the nutritional composition 
of food and on th£ ^mounts of certain important nutrients 
and their Availability in various-foods and diets. ; Much 
current data may be obsolete because of differences in 
plant .and livestock varieties and bloodlines, fopd pro- 
duction and processing rriethbdS, and food storage and 
delivery systems. New information is required tbflesign 
j>rograms that -will encourage optimal food choices. 
Research on nutrient availability is needed to: 

(1) Identifying investigate the factors (for instance, the 
chemical fornTof the nutrients) that affect the ability 
of people to utilize nutrients 1h specific foods and 
the relationship of nutrients to other food constitu- 
ents that inhibit or promote nutrient utilization; and 

(2) Determine the social and economic feasibility — and 
nutrient possibilities — of, new or improved food 
processes. - - 

* * * . 

IMPACTS OFXSSISTAISCB AND NUTRITION EDUCATION 
PROGRAMS " , 

Research, estimating the impacts or the likdly impacts of 
nutption assistance and education programs assists the 
managers and decisionmakers, responsible for govern- 



ment food assistance programs, regulation of food for- 
tification and enrichment activities, and nutrition edu- 
cation programs. Improved methodologies for measuring 
program effectiveness will more distinctly identify 
groups rrfost vulnerable to poor food habits, 'Behavior 
change?, and social and economic benefits resulting from * 
the intervention. The results of analysis^ evaluation, and 
testing of nutrition information and education programs 
I^ovide opportunities to improve program effectiveness. 
One such opportunity lies in the 'interpretation of dietary 
behavior, knowledge, and attitudes that interfere with 
health-promoting food consumption practices. Another 
is in identifying ways to reach, appeal to, and motivate 
the general public and groups- with special needs to adopt - 
or sustain good dietary practices. ' 

IMPACTS OF GOVERNMENTAL POLICIES 'AND J 
REGULATIONS 

In addition to programs intended to directly influence 
dietary practices, numerous othe* policies and programs 
also affect our food habits and nutritional health even^ 
though that may not be their sole or maj^r purpose. 
Continuing elevation of our nutritional health conscious- 
ness leads us to the realization that nutritional etfects 
have not often been included when such policies,. pro- 
grams, and regulations are evaluated/ \, , 

. For exampje, little is known of the nutritional effects 
of government activijies in establishing and enforcing 
.food grades and standards, packaging, labeling, and ad- 
' vertising requirements; and other measures to regulate 
mMeting practices. Similarly v little is known of the 
extent to which nutritional behavior is "explained" by 
government food production and export strategies, ag- 
ricultural research end extension programs, and rural 
credit services. Beyond programs directly related' to 
ofoo'ds,"the issue of our nutritional health is rendered even 
more complex by^the lack of information on the direct 
and indirect hutntional effects of transfer payments, in- 
come taxes, manpower policies, health programs, en- 
vironmental policies, and other general government 
interventions. 




DIETARY NEEDSi^OTHER COUNTRIES 

♦ Billions of people suffer from malnutrition and hunger 
worldwide. Research designs could take into account a 
range of circumstances that may differ widely from those 
m the United States. Such* circumstances could include: 

. •kThe dietary needs and food practices of other countries; 

• Differing' political and cultural systems; 

• The ihipact of land refonfi in some areas; 

• The effects of lowiprotein, low-calorie interactions, 
and other'nutritional deficiencies on the grpwth and 
development of children; , t ; 
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• High incidences of diseases and stress conditions in 
many countries; ' . 

• Waste, irieffiCTencies, and costs in food production 
and* marketing; 

• The lack of worldwide data systems for food supplies, 
and 

• • The lack of early warning of impending food shortages. 
» * 

'MARKETING ANI>POSTHARVEST ' ' 
TECHNOLOGY 

Marketing and processing make up two thirds 1 of the 
consumer's food costs and a much higher proportion of 
fiber product costs. As domestic and world.populations 
expand, those costs will be.of increasing concern, as will 
questions«of food safety, marketing efficiency, process- 
ing, and the reliability of the domestic and export mar- 
keting systems. 

a 

FOOD SAFETY 

Foo'd and feed contamination can result" 'from naturally 
occurring toxicants qnd microbial damage, as wlras^rom 
chemical residues, pathogenic microbes, and additives^ 
The arms of continuing re&rcri are jo improve our abil- 
ity to identify chemical and biological contaminants; 
, develop rapid ^nethods for 'detection; determine causes 
and potentials for .occurrence, and devise means for pre- 
vention,, remtfy^l/and safe 'disposal* of contaminated 
products and measure the economic consequencps of 
those means. * 

Public issues of food safety, and quality include 
< human valtie judgments as^ell as economic,, chemical, 
and biological components .^Improved anticipation and 
analysis of the many issues would help to reduce 'con- 
troversy and provide a basis for the formulation of im- 
proved food quality controls. 

« 

PRODUCT LOSS AND COST OF PRODUCTION 

Postharvesufood losses for the United States have been 
estimated at $31 billion dollars, and losses of over half 

w the fpod produced have been reported in less developed . 
countries. *As the domestic and world populations ex-^ 
pand, it- will be increasingly important to reduce food' 
and fiber losses. There are opportunities' to reduce tfiose 

- losses through improved commodity protection; preser- ' 
vation of food by environmentally afceptable methods 
# to prevent contaminafiort by' insects, microorganisms,' 
and toxic materials; and prevention of physidalloss by 

^damage Potential improvements in technology include 
controlled atmospheres and temperatures, hormone bio- 
regulators, lowflose atomic radiation, and pH control. 

Processing, material^ handling, anji transport are ma- 
jor cost components in domestic food marketing. Science 
and techn^ogy capabilities can address methods that are 
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more energy, efficient, reduce product handling, and 
improve product protection withouf adding packaging 
materials or transportation costs. §uch technologies as 
ambient cooling of produce and direct marketing of fresh 
rather than processed foods should be reexamined in light 
of increased energy concerns. Central to the development 
of new technologies to reduce food losses is the need for 
basic research on mechanisms of stress and damage in 
' the harvested product. , * 



.STRUCTURE OF AGRICULTURE AND POLICY 
ISSUES > 

The structure-of agriculture is defined here as the way 
the industry rs organized^ to carry out its functions and 
how it performs to meet national needs. In this context, 
the national concerns are to ensure sufficient agncultural 
production to meet domestic needs and export demands, 
pro vide .an adequate return' to farmers consistent with the 
costs of production, and minimize fluctuations in food n 
jprices. 

^our categories of structural and policy issues that 
either were not addressed or were discussed in a different 
context in preceding paragraphs are discussed below. 
They are: the structure of the agricultural Industries,* im- 
• pacts of the adoption of new agricultural technologies* 
world food and fiber forecasting, and potentials for in- 
creased nonfood utilization of agricultural capacity. 



STRUCTURE OF Ttft AGRICULTURAL WuSTRlfcS 



Farming and Ranching 

Trends toward fewer and larger farms, increased capital 
needs~in agriculture, and renewed economic pressures 
on traditional family farm organizations are among the 
vital issues confronting U'.S. agriculture. They pytfsent 
challenges and opportunities for the -social, physical, and 
biological sciences. \o contribute knowledge about the 
impacts on the structure of agriculture and the well-being 
of farmers deriving from government programs and reg- 
ulations, marketing changes, economic Instability, new 
technology, changing organizational arrangements, es- 
calating land prices; National, State, and local tax poli- 
cies; and increasing capital requirements for farming. 
The prospects in the next decade are for even larger and 
fewer farms, more concentration 6f wealth, more vertical 
integration, more contracting linkages with agribusiness, 
and reduced decisionmaking Autonomy and, independ- 
ence of farmers. Analysis of those issues, including such * 
alternative systems as organic farming, will provide pol- 
icymakers with a better understanding of the impacts of 
the economic and technological developments affecting " 
the structure and prgapization oT agriculture and alter- 
native program and policy options. 
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The Food Industry , 

The food industry operates under a myriad of Federal, 
'State, and local regulations. It has alstf, become highly 
" coventrated and is characterized liow by many of the 
competitive practices of the nonfood industry— product 
differentiating and advertising, nonprice competition, 
£nd high product turnover rates. The high costs associ- 
ated with foo^ marketing and related government reg- m 
ulations are of'concern to both policy officials and the 
public. There are important opportunities for research 
to contribute to (1) determination of the effects of gov- 
ernment regulations;- technology* and the structure of 
•competitive behavior in food marketing and distribution 
on the costs and other elements of performance related 
to manufacturing and distributing food and fiber; and ' 
(2) identification of new alternative marketing structures 
and methods that would enhance small and part-time 
( farmer access to* markets and increase opportunities for 
consumers to obtain high-quality food at reasonable 
prices. 

Farmer Cooperates ~ 

Farmer cooperatives, their promotion, and their impacts 
on pnces and competition have been .issues that will 
continue through the 1980s. Tjieir performance, condi- 
tion, and impacts are related to such problems as infla- 
tion, energy, transportation, finance, regulation, taxa- 
tion, antitrust actions, and marketing orders. Also, as 
capital costs increase, farmers and their cooperatives face 
problems of acquiring and managing their'financial re- 
sources effectively. Many* cooperatives* are smaH, and 
since cooperatives exist to provide an alternative*^ the^ 
meeting or purchasing behavior of groups of farmers, 
the research needs of cooperatives are frequently met in 

• the puBlio sector. Additional research on the factors in- 
fluencing' individual cooperative growth and capitaf 
needs, a* well as increased access for medium-sized and 
smaller cooperatives to analyses and procedures for long- 

. range planning, would promote the support of those 
institutions. 

I 

IMPACTS OF THE ADOPTION OF NEW AGRICULTURAL 
TECHNOLOGIES 

While A there is, generally a strong belief jn the Utiited 
States th^nhere are net >oeial gains from technological 

' advances r.there is a pal need to be able to anticipate the 
distribiSal impacts of each n#jor new technology 
.under consideration. -Economists and'tfther .social sci- 
entists need to involve thenfselves wi|h scientists of other 
disciplines to evaluate the different impacts of new tech- ^ 

'nologies before they are. adopted,* or when* new tech- * 
nologies are projected but not yet available for adoption. 



WORLD FOOD AND FIBER^ORECASTING % 

The need for improved information pertaining' to, the 
domestic ^international supplies of food, and fiber and 
about factors that ..determine the variations in supplies 
was demonstrated in the 1970s. The 1972 and 1977 Rus- # 
sian wheat production shortfalls and the reduced 1978 
Brazilian soybean crop had significant impacts on U S 
commodity markets, farm program costs, and food 
prices. pata provided by aerospace remote sensing prom- 
ises to* provide improvement in the ability of the De- 
partment of Agriculture to discern the domestic and for- 
eign crop situation and outlook. " 

POTENTIALS FOR INCREASED NONFOOD PRODUCTION 

Science and technolog) are often employed to develop 
and adapt substitutes or competitors, using agricultural 
resources, for* commodities and materials principally 
obtained elsewhere. If such substitutes require an in- 
crease in the production of an agricultural nonfood com- 
modity or the diyersion of resources normally used in 
'food production, they compete for resources normally 
used .to produce $od. On the other hand, such compe- 
tition with domestic food supplier is to -some extent less- 
ened if underutiljzed\esources are used to a greater-ex- 
tent. Three areas identified below provide opportunities 
for nonfood agriculture products to contribute to the 
development of substitutes for materials obtained by im- 
port or from other sources. * 

Natural Fibers and Renewable Resources 
Natural fibers, including wool, cotton, leather, and nu- 
Ineroi^ byproducts* from plants and animals, compete 
directly with manmade fibers, plastics, and*chemicals 
synthesized from natural gas and petroleum. Research 
provides numerous opportunities to improve the effi- 
ciency and reduce the costs of converting renewable farm' 

• commodities and byproducts- tnto useful cpnsiimerprod- 
ucts as nonrenewable sources of basic materials become 
scarce. ,« ■ 

« * * i 

" Plant-Derived Industrial Hydrotarbons 

Plant sources are theonly'ren^wable raw materials that 
can provide the kinds of hydrocarbons that we now obtain 
from petrochemicals. .Rubber, lubricating oils, pesti- 
cides, fertilizers, plastics, and solid, liquid, and gaseous 

• fuels have all beenrdeveloped irom plant raw materials. 
Thefe is potential for development of a domestic source 
of natural /libber through increased .technology for pro- 
diictioo oLguayule and processing of the resultant latex, 

. ComparpKe costs do not presently favor plant raw ma- 
terial sources for such products, but the pendulum is 
swinging in that direction, ancj time is needed for de- 



• velopmg the technology required if plant-derived indus- 
trial hydrocarbons are to replace those from traditional 
sources. Industry is deeply involved in this area in prep- 
aration for the projected change in the economic picture. 

^Energy 

N 

Ensuring an adequate supply of energy for national needs 
while also providing an adequate supply of food and 
increasing the efficient use of.essfential materials and 
products is a major concern. Another concern is how to 
apply science and technology to strengthen the U.S. in-, 
ternationaj economic positibn. There are opportunities 
for scientific and technological contributions that will 
allow farm and forest enterprises to produce onsite en- 
ergy from agricultural wastes, to produce and utilize 
specific crops or materials for energy, to apply energy 
conservation measures, and "to utilize such alternatives 
as solar or wind energy. Science and technology capa- 
bilities can be used to develop and evaluate* methods for 
producing and using energy from farm and forest bio- 
mass as a possible substitute for imported petroleum. 
Methane generators and alcohol stills, for example, pro- 
vide possible mechanisms for disposing of agricultural 
and forestry wastes and energy crops. Forest and sugar 
crop residues are examples of specific .biomasses that 
♦need to be continually reexamined for energy, production ' 
potentials in the future. As such energy alternatives are 
developed, constant attention must be given to the, al- 
location of land and water resources to meet concurrent 
national requirements for food, fiber, and energy. 
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'rural and community development 

-Rural areas continue to 'lag significantly behind metro- 
politan areas by virtually evtfry measure of employment, 
and income. Poverty is considerably more persistent in 
rural areas, and rural Americans frequently accept a 
lower level of basic community services in health and 
medicine, housing, recreation, transportation, fire pro- 
. tection, and public safety. Increases in the number of 
older rural residents are placing added strains on the 
already inadequate supply of such services in many 
areas v Local offici^, like those in citfes, are faced with 
growing demands for public services on the one hand 
and pressures to reduce public expenditures dn the other._ 
Major Eederal and State requirements for water quality," 
waste disposal, and handicapped access to'public facil- 
ities plus rapidly escalating costs of-xonstruction and 
operation dre only a few of th6 complications. 

Opportunities exist for research and development of 
economically feasible technologies and m/magemenuys- 
tems appropriate for providing necessary services-in rural 
areas Such systems might, for example, be applied to 
waste treatment and solid waste recycling,, transportation 
'services, 4 and microcomputer communications technol- 
ogies. Similarly, appropriately scaled technology for 
rural industrial activities holds promise for increasing 
employment and income opportunities. . 
■ A major constraint on the application of scientific and 
technological capabilities tp rural development problems 
is the inadequacy of the statistical babe on rural 
communities. ! 
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HIGHLIGHTS 

« 

• The application of thfe new information technologies — 
computers, video recording devices, antf improved 
means of storing and transmitting information — pro- 

• vide§ important new challenges for education. 

• The new technologies can improve our ability to keep 
students actively engaged in learning for sustained 
periods, allow teaching to be adjusted to the rate and 
style appropriate to each student, and make it possible 
for students to work on complex real-life problems 
through computer simulation, and graphic displays. 

• The Department of Education, working with the Nar 
tional Science Foundation and other Federal agencies, 
is exploring ways to foster cooperation among edu- 
cators, Scientists, private enterprise,' and the various 
levels of government to help the Nation fully develop 
educational uses of information 'technology and dis- 
tribute thepi equally to all students, 

• The ability of .science and technology to contribute to 
'the national welfare rests on two factors: the education 
of those who choose careers as scientists and engi- 

• neers, and the education of all Americans who require 



* Participants in the task group developmgjhis section included representatives of the De- 
partment of fttocaiiovnd the National Science Foundation 



some understanding of science andlechnology in their 
jobs and as citizens. ^ 
» Teachers of science and mathematics must^be aware 
of the range of occupational and professional options 
'for their students, of special resources and assistance 
available for course preparation, and of the uses of 
computer^ and communications technologies in 
teaching^' ' • -f 

> In comparison to other/industrialized countries, tbere 
is a lesser focus on science and mathematics in U.S. 
school systems. More students are dropping out of 
science and mathematics courses after me tenth grade 
than ever before. 

> The education of a rryijority of the adult Americans 
who have already passed through the educational sys- 
tem has not been adequate to meet their needs in 
today's technically complex world. . . 

1 Some opportunities exist for. the Federal Government 
to influence inciifectly science and engineering edu- 
catfon at precollege, technical school* and university 
lev.els, without impinging on local control. 

Technical Jrainfing institutions and community col-' 
leges need to be integrated into tfte overall science and 
engineering education system. " • 

791 ' 
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• Better use of resources in -loca^ industries, colleges 
and universities, libraries, museums, planetariums, 
zoqs, and nature centers and parks is needed to max- 
* tmize science and technology education., " 



INTRODUCTION 

In considering the outlook for science and technology 
in education, two' aspects are*important First, science 
and technology will be making* important -vontnbutions 
to the improvement of education through research and 
develppment FederifP^upport of such research and de- 
velopment is- concentrated principally in the Department 
of Education (ED), where the Office oY Educational Re- f 
search and Implement (OERI) is charged with pro- 
viding leadership in scientific inquiry into thp educational 
process, and in the Science and 'Engineering Education 
Directorate of the National Science Foundatwn (NSF). 
which is charged with improving science education at 
all levels Those agencies also draw, as appropriate, 
upon the rcsuits of research supported by various bio- 
logical, behavioral, and social scrence research programs 
of the National Science Foundation, the National Insti- \ 
"tutesof Health (NFH), and the National Institute of Men- 
tal Health (NIMH) % * v 

Second, education in science and technology fer^ail 
citizens is centrally ioiportant to the strength of the 'sci- 
ence and fechnolog) that underlie ( s our pbsition of world 
leadership. Education in science is a primary concermof 
NSF, but a number of otjpef Federal agencies, including 
ED, the Department of Defense (DOp), the National 
.Aeronautics and, Space Administration (NASA), the 
Department of Energy (DOE), the Department of Ag- 
riculture (USDA), and N?1H support science^and engi- 
neering educational activities related to their missions 



RESEARCH AND DEVELOPMENT YN 
EDUCATION 

The nfost important new challenges and opportunities 
that science and technology can provide -for education 
in the coming 5 years will center on the new ^information 
technologies. The ojipbrtujiities will be enhanced by the 
contributions of the relatively new discipline of cognitive 
science.* 

Modern electronic information technologies — com- 
puters, yideo* recording devices, and inexpensive means 
of storing and transmitting information — can create a 
revolution comparable to the invention of printing and 
the Industrial Revolution.' Profound chahges are occur- 
ring in the ways business and industry are conducted and 
in the aature of many jobs. Educational curricula should 
be changed if-we are to prepare students to take advantage 
of the new technologies* in their work and in their per- 
sonal lives. Fortunately, thfr new technologies create not 



only new educational needs but alsoWw wa>s otyieeting m 
those needs- ' f » «* 

\ ^ i 

PERSONAL COMPUTERS' AND CALCULATORS 

Handheld calculators providing the four arithmetic func- 
tions plus square root now sell for about SIO j(or. com- 
bined with a wristwatdvfor S30), and the cost of cal- 
culators with trigonometric and Logarithmic functions has 
declined to the same level. Calculators abl* to handle 
400-step programs are now about SIGO. Handheld in* 
structural' devices providing drill and games in arith- 
metic sell (or $45 to S25*, and devices for spelling drill, 
with a simulated human voice, sell for $65. Personal 
computers, which include a*TV tube display, keyboard, 
processor, and a si/able mepiory, and weigh less than 
50 pounds, are now, availably for as little as $400. They 
ace comparable in capacity to computers thaf cost 
hundreds of thousands of dollars a decade and a half 
ago. They provide graphic displays, some of which are 
multicolored, which will become increasing!) sophisti- 
cated and. manipulate in the years 'ahead. Simulated 
human'speech and the ability to accept spoken or typed 
natural-language commands, afiswers, and questions will 
become commonplace. 1 ■ 
For the rest'of this. decade, the computational *power 
w of the microcomputer is expected to double every 2. 
years, with th'e cost remaining roughly constant. The 
cpsf of computer 'memory will decline rapidly . -At the 
end of the decade, for abput 1,000 of today's dollars, 
we* can expect to purchase computers* 30 times more 
powerful than current models and with much larger mem- 
ory capacity. Today's personal computer is not quite 
powerful enough to meet many instructional challenges, 
but the machines of 1985 to. 1990, will almost certainly 
be" adeguate* However, there is no need to wait until 
. such machines are available to start developing advanced 
, instructional programs to match expected capabilities 
Programs created and tested with large machines can be 
rcprogrammed to run on small, inexpensive machines. 



VIDEO STORAGE, RETRIEVAL. AND DISPLAY DEVICES ' 

A videodisc system now on the market for $750 proyitfeV, 
in conjunction with a regular TV set, 54,000 separate 
" frames offull-color pictures on one side of adisc similar 
in size and cost tq an LP record. Thl 54,000 frames can 
produce 30 minutes of video at 30 frames per second. 
The system also provides rapid dialed access to each of 
the frames, which are numbered and can be viewed in- 
dividually for any length of time. It may provide roughly 
one quarter of a page of easily legible* text on the TV 
tube or a full page on the new flat display described 
below. Replay, at regular or slower speed, of any portion 
of the motion picture is easy. 



.Combinations of videodisc players and microcompu- 
* ters, referred to as "intelligent videodisc systems, ,x al- 
low controlled sequencing of video frames, which may 
. be based ori student responses The disc »can sj^re * 0 
billion bits of lnformatipn (the text of the Emytjfipaedia 
Bmanmca contains 2 billion bits, a human chromosome 
has a capacity of about 20 billion bits, and the human 
brain, perhaps 10,000 billion) Digital encoding of in- 
formation on the videodisc' a technique now being de- 
veloped, will allo^v the full capacity to be used so (hat 
each frame^can s^ore four printed pages or a substantial 
computer program. One side of a single digitally encoded 
disc could thus store four hundred 500-page textbooks. » 
Alternauvelv, a single disc ^ould probably store a <jppy. 
of all the computer courses ever published. 

Discs also have two audio tracfcs that ajlow, for ex- 
ample, sound tracks in two languages to be available 
with motion pictures The capability of providing up to « 
30 seconds c/souncf with each still frame »is expected 
to be available soon. Videodiscs now on the market, like 
^ LP records, are stamped .from masters arid cannot -be 
altered Several firms are developing videodiscs that will 
allow erasing and recording by the individual user. An- 
other important development ls'the high-resolution, Hat 
color display screen that-will replace bulky TV tubes that 
consumejargs amounts of power, frwill provide book- , 
quality print displav , make possible a person*) Computer 
no larger than an attache case, and increase the attrac- 
tiveness of the videodisc as a publishing medium. 
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, COGNITIVE SCIENCE 4 +~ ' 

Cognitive science— the science of human mental proc- 
esses— is a jjipidly growing interdisciplinary movement 
^involving psychol6gists, computer scientists, philoso- 
phers, anthropologists, linguist*, and educators. <}^ser, 
. m.ctiscussing the contnfiutions of ps>choJog> to edu- 
cation, has pointed out, "At the present time, modern 

, » cognitive psychology ft the dominant theoretical force 
in psychological science as opposed^ Ue first half of 
' the centliry when behavioristic, ^ntimentalistic stimulus- 
response theories of learning were in the ascendance " 1 
He goes on to say', "The internal cognitive world of 
complex human behavior involved in blinking, problem- 
solving, acquinng ui^erstandipg of various dom^r^ 
of knowledge, and 'personal/expectations ''and self- 
development which have been onl> peripheral ds- 

' pects of s behavionst psychologv , now are the starting 
paints for cognitive psychologists." Newell and Simon 4 
describe this change as follows: 

For several decades' ps>cholog>* focused on 
, learning, lower organisms, ahd.tasks that are simple 
from an adult viewpoint. Within the last dozen years 
a genera] change jr/.seientific outlook has occurred. 
One cap date the change roughly from 1956. in 
psychology, by the appeanance'of Bruner, Good- 
now, and Austin's A" Stud) of Thinking" and George 
Miller.'s "The magical numberseven" 6 ; in linguis- 
tics, by Noam Chomsky's "Three models of laa- 
• guage" 7 ; and intomputer science, by ourown paper 
* on the Logic Theory Machine. 8 



COMMUNICATIONS TECHNOLOGY ' ' 

Various new. forms of communication, developed pri- 
marily for other'purposfcs, will be increasingly available 
for educational use Fiber optics can permit large 
amounts gf information to be sent through glas,s fibers 
by laser signals. Thus, access* to large collections of 
information and to distant computers can be provided at 1 
reasonable cost. For a few hundred dollars an hour, al- 
most any institution'can now send a lecture via satellite 
to receiving stations thousands of miles away for re- 
broadcast or fof recording on tape, for iater use. in a few 
years individual homes will be able to receive s'uch pro- 
grams "directly via a small satellite receiving system that 
will prdbably cost about SSOC^Thus, an engineer in an * 
isolated town in Alaska could' sturdy advanced courses 
from the Massachusetts Instituted Technology (MIT*). 
Satellite systems can also bemused to transmit computer 
programs that can' be receded and used to^ enrich stu- 
dents' interaction with; transmitted lectures. The use of 
cable TV distribution will allow, the noncapital costs of 
administration and e.quipmenr maintenance to be 'met' 
with a televised enrollment, as low as 40 students in a 
single course* offering, and two-Way cable \viH allow the^ 
students to'communicate with the instructor. m 



This shift in emphasis is significant for educational re- 
search and development and therefore ultimately for ed- 
ucation itself. In the'past, ma ny teachefYand persons in 
the chsctylines concernedwith the substance of education 

, were unable to* take seriously behavionst psychology's [ 
seemingly simplistic view of what is to be learned and 

H how; it is to be learneU The new cognitive psychology 
accords much more, closely wtfh common views of teach- 
ing and Je^ming, while-at the same time providing a 
scientific basis for improving our understanding of'these 
processes and thus for improving education. ' < 

* Cognitive science is beginning to be applied directly 
to education jn -a number of ways. Reading. comprehen- 
sion is corrfing to be understood as a fitting of what is 
bejngread to the content and conceptual structure of the* 
reader's existing knowledge rather than as an isolated' 
assimjlation of new inforrrfetion. The nature of mental 

^processes involyed in solving problems in mathematics 
and science by both novices and experts ts-being elu- 
cidated, and ,yye can expect better means of learnjng and 
teaching problem-solving skills. The subtle processes of - 
self-monitoring and self-control that art common to 

.skills in comprehension, jtfobjem solving, and learnfng 
of complex knowledge are being studied in' a bujgeoning 
branch of psycholc^ called metacogmtion. Teaching 
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childre n Xo monitor their own comprehension and to take 
' ' action when they do not undersfand, an ability which is 
characteristic of skilled readers, is proving to be a pow- 
erful ihsthictional technique! A fuller discussion of cog- 
nitive science* and learning can be found in the. National 

• Research Council's contribution to this Five-Yea^Outlook. 

• * s Computers have played a central role in cognitive sci- 

er^ from the start. Those scientists in the field of ar- 
tificial intelligence who seek to create machines that 
carry out intellectual tasks in the same way that human 
beings do haVe an obvious jnterest in understanding 
human intellectual processes. Conversely,* scientists 
whose primary concern is understandings human intel- 
lectual processes have found computer simulation of 
those processes a powerful. technique for creating and 
testing models of the methods people use to perform * 
•complex tasks. Thus, a number of^scientists are expert 
*in both cognitive^psychdlogy and *mputer science^and 
this group of individuals provides an important resource 
' -> in the application of the new technologies andJhe new 
cognitive science to education. 

# 

, APPLICATION OF TECHNOLOGY TO ED^ATIpN 

• The new technologies can substantially improve our abil- k 
lty to keep students actively engafged in learning for 
sustained periods, a prime requisite for effective edu- 

* . .c^ion, and can allow teaching* to be adjusted to the rate 
and Style appropriate to each student and to the particular 
difficulties a student encounters. During the last decade- 

• the effectiveness of computer aids to instruction has been 
established, even though those aids used computer pro ; 
grams that are regarded today as primitive. The expe- 
rience we have gained and the much-lower cost of com- 

* puter power now make considerably more sophisticated 

• * programs possible. The efficacy of such educational tele- 

vision programs as "Sesame Street" and "The Electric 
Company" is also well established. „ 

In addition to these extensions of conventional edu- 
cation; current and expected technologies* will open up 
important new possibilities, fhrough the computer and 
the graphic displays it cai^genferate, we can simulate the 
' behavior of such objefcts a$ satellites, balls, electrons, 

and pendulums, and of biologicaKand chemical systems 
under conditions that can be controlkd by the student, 
thus allowing a form of exploration. Aerations of sim- 
* ulation trainers for airplane pilots can help students de- 
velop a variety of complex skills. Instruction can be 
I made more attractive to students, and thus more effec- 

, tive, ijy being cast in the form of games. 9 

Word processors, which allow easy creation and ed- 
iting of text, can be coupled Vith instant-access 'com- 
puterized dictionaries, ^creating^a system which can de- 
velop facility and coherence in writing. 10 

New computers allow as to go beyond the traditional 
multiple-choice test, which is based on half-century-old 
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" seoringlechniques, toward tests for performance in the 
solution, Of complex / prP Wems - Computer-based testing 
cap present problems more realistically, allow a student 
- to proceed"%ven when an arithmetical error is made, 
follow and evaluate the student's problem-solving pro- 
cedure?, and f^ovide guidance to the teacher and the ^ 
student on how to improve,performance. \ 

Videodiscs can provide easy accessjo a .wide range 
..of historical, cultural, and artistic still and motion pic- 
tures and written materials. Indeed, these new technol- 
ogies make feasible a new type of encyclopedic textbook 
with which the student, sitting at a console, can explore 
a domain of knowledge in degree of detail suited to his ^ 
or her particular interests. Communication links can pro- 
vide instant access to the card catalogs of m&jorjibraries.^ 
Eventually, the texts of rfiany journals and % Books may 
, " be available by allowing computer access to the encoding v 
Tnvolved in electronic typesetting'. Using the new tech- * ^ 
nologies will help prepare students to use those tech- 
nologies effectively in the^ jobs and personal lives. 

The computer can make it possible for physically 
handicapped persons to engage in a wide variety of learn- 
ing activities. Computer programs that can interpret 
" spoken words put important robotic functions at a par- 
alyzed person's disposal. Special keyboards or controls 
can enable an individual with limited muscular control 
to engage fully the powerof the computer and thereby 
participate in suchMearning ant! .creative activities as 
writing, problem solving, and designing Optical char-' 
acter readers can convert almost any printed page into 
tactile signals that a blind person can .read 1 1 Most; kinds # 
of visual' information can be given a surface texture so 
v that maps and geometric figures can be sensed by touch 12 
Words and numbers^can be converted into synthesized 
speech so that a blind 'person will have the choice of 
. listening to or "touch reading" any priced or computer- 
-•^Stbred document. The blind student will not need a spe- 
cial typewriter to compose essays that both blind and 
^igfited people^ can read. Analogous technological de- 
* vices can be prepared for many handicaps, making it * 
possible to mainstream handicapped children |fld accom- 
modate the resulting* diversity^ of student? through 
.individualization * \ 

* ACHIEVING THE POTENTIAL OF TECHNOLOGY IN 
■EDUCATION 

T^ere is considerable interest among State and local ed- 
ucation authorities, educators, published, and equip- 
niSnt vendors in pursuing educational use of me new 
technology. In'1978 the new possibilities were the sub- ♦ 
' ' ject of extensive hearings by & subcommittee of the 
House Committee on Science and Technology, and in 
1980 the House Subcommittees on Select Education and 
on Science, Research, and Technology held joint hear- 
ings on the same topic. Those hearings revealed wide- 
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spread agreement that proper!) implemented uses of 
. computertechnology in the schools can make significant 
improvements in 'teacher effectiveness and studentjearn- 
Ing They also found agreement that the microejeetromcs 
revolution Avil! probably make personal ccjinputers com- 
monplace in the l?ome in the near future and will dra- 
maticaHy redi^ce the ctfst of general purpose computer 

• systems,- thereby creating a unique educational oppor- 
tunity for the school- and the home. The Secretary of 
Education and the'Director of the National Science Foun- 
dation, intheirrepprtonthe status of science education. 13 
stressed the importance of the computer in science ed- 
ucation for all Americans'. The .Office of Technology 
Assessment, at the request of the chairmen of the House 
Subcommittee's cm Select Education and on Science- 
Research, and Technology, has undertaken a study, as- . 
sessin^ the possible impacts of the new technologies on 

• .education 

There are^two overriding questions 4 6f great. national 
concern Will the great educational potential of the in- 
formation technology revolution be realized soon ' Will 
it be inadequately realized or greatly delayed by"K)jr$id 
expansion followed by disillusionment'' Will the benefits 
~of this revolution^ equitably distributed? Or will stu- 
dents in Vell-to-dt* homes and schools be lts^jancipal 
beneficiaries,* a situation which "would wijlen the gap 
between themr and^conomically less fortunate students? 
The Department of Education is giving high priority to 
seeking ways to help State and local systems achieve 
both full development of the educational uses of tech- 
nology and* its equitable distribution 

Late in 1980, the Secretary of Education established 
a departmentwide Task Force on Learning and Electronic • 
Technology -to study and report on opportunities, im- 
portant problem and constraints^ and appropriate ways " 
that the Department', in cooperation with others, can help' 
overcome problems- and constraints and achieve the 
promise presented by the new technologies The Task 
Force is conferring extensively with educators, private 
enterprise, and^other government agencies. Actitfns pro- 
posed will tdke into* account <and build upon current ac- 
tivities of ED and NSF. The National Institute of^Edu- 
catioq,(NlE) has- established an external task force to 
recomfhend tHe most' promising directions for research 
and development on the application of information tech-, 
nology to the teachirte and learning of reading and writ- 
4 ing. ED continues ta help support the development of 
educational television programs like "Sesame Street," 
"The Electric Company," "Villa Allegre," "Freestyle," 
and "3-2-1 Contact," and the adaptation and augmen- 
tation of such programs for the videodisc. 'ED's Office 
of Special Education and Rehabilitative Services contin- 
ues a strong program of developing^technologiQal aids 
for the„handicapped NIE is £upportin£ a study of factors 
that influence the adoption and use of technology in 
schools; the results of this and,other studies, including 
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organization-science studies of -factors fostering and \ 
hmdenng'innovation ln-schools, will be considered in 
the emerging ED programs in technology 

Realization of tfie potential of technolog) for educa- 
tion and its equitable availability will require the con- 
tinuing cooperation of^educators, researchers and de- 
velopers, private^enterprue, ^nd government at all levels 
over the next decade. Prospects for such cooperation 
appear good. .< ' 



EDUCATION IN SCONCE AND ENGINEERING 

Although the mission of education in science and 'tech- 
nology W historicajly focused on the process of iden- 
( tifying and nurturing talented students for careers as sci- 
jsntjsts and engineers, niore recently it has become 
evident that the ability of science and technology to con- 
tribute to the national^ welfare depends not only on a 
competent work force but also on informed* decisions of 
an educated public. The American public must have sci- 
entific and technological information to better understand 
the costs, risks, and benefits associated with technolog- 
ical advances that have immediate impact in such areas 
as agriculture, energy, environment, defense, and trans- 
portation. In short, education in science andMechnology 
must include both the' education of those wjto choose 
careers as scientists and engineers and the education of 
the American public in general. * N N 

Because of the critical role of education in science and 
technology and its relation to the missions of<many 
agencies, substantial support for special -purpose pro- 
grams can be found throughout the government. The 
following discussion provides a perspective on the needs 
and concerns ef Various Federal agencies in education 
in science and technology. Situations that may warrant 
special attention within the next 5 years are described. 
Similarly, current and emerging problems of national 
significance are identified, and opportunities for their 
resolution are detailed. 



PROBLEMS IN EDUCATION IN SCIENCE AND TECHNOLOGY 

In February 1980, NSF and ED conducted a cooperative 
study to determine the Nation's needs in science and 
engineering education. The report lcfentified^ number 
-of are^s that are in need of attention: e 

(1) Today, people in a wide range of nonscientific and 
nonengineenng occupations and professions must 
have a greater understanding of science and tech- 
nology than at agy time In our "history. Our edu- 
cation system does not now provide such 
understanding. 

(2) More students than ever before are dropping out 
of science and mathematics courses after the 10th 
grade, and this Trend shows no sign of abating. 
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(3) The lack df foetus on science and toathematics m 
our school systems is in nrtark<?d contrast toother 
industrialized countries. Japan, Germany, and the 
Soviet 'Union all provide rigorous training in sci- 
ence and mathematics for all their citizens, / 

(4) The content of secondary school science andjnajh- 
' " ejnatics courses does not meet the needs and in- 
terests of those students for whom the courses- will 

' be their entire /onpal^scientific education 

(5) There is a shortage of rtiathematics- and physical v 
science teachers in the Nation's secondary schools. 

* (6)*There is a lack of suitable laboratory facilities at 
the secondary school level* 

(7) There has been.a dectirte in financial support fo'r 
development of mathematics and physical science 
teachers. 

(8) The 'education of a majority of the adult Americans 
who have already passed through the system' has 
not been adequate to meet their needs as citizens 
in today's technically complex world. 

(9) Shortages of trained personnel exist in the computer 
professions, and in.chemical, electrical, industrial, 
and most other fields of engineering. 

(10) There are shortages of qualified faculty members 
in most fields of engineering and in the computer 
professions. 

(11) There is a severe lack of the equipment needed for 
4 engineering education at the. undergraduate levek 

1*2) Continuing education and retraining are essential 
in science and engineering, where technical ad-, 
vances are constantly creating new knowledge and 
" ' new fields and opportunities. At present, continuing 
education of industrial engineers and scientists is 
v spread among a variety of sources including private 
" * entrepreneurs, industrial firing professional soci- 
eties, and colleges and universities, with little or 
no coordination. 

(13) Technical training has largely been a haphazard 
~ enterprise, accomplish by a combination of on- 

4 the-job training, a few technical institutes, and vo- 
cational training in secondary schools. There is a 
- need for technical programs to be integrated into 
the overall" science and engineering education sys^ 
tern to better attract and train the technicians needed 
to ensure the success of the Nation as a technical 
society. 

(14) Women,' minorities, and .the physically handi- 
capped Vontinue to be upderrepresented in the sci- 
ence and engineering professions. 



The needs that were identified in the report provide 
opportunities for new initiatives in education lti science 
and engineering. Those opportunities are outlined in the 
pages that follpw. 



OPPORTUNITIES TO FACILITATE EDUCATION IN SCIENCE 
AND ENGINEERING 




Although education is the direct responsibility 
and. local governments, the Federal Government can ir 
directly influence science and engineering education 
Agencies support science and engineering education by 
funding facilities and equipment for instruction and re- 
search in our Nation's colleges and universities and by 
providing fellowship, trajneesfiip, and training grant sup- 
port. Additionally, support is provided for such activities 
as technical conferences, teacher institutes, faculty de-' 
velopment, course development, and nonspecific or gen- 
eralized purposes related to ^scientific research and 
education. / 

The Federal Government also indirectly affects -sci- 
ence and .engineering education -through mission-related 
activitre^of the various agencies that may include: use 
of Federal agencies' and resources, employment of stu- 
dents and researchers, the dissemination of science and 
engineering information that can be used for educational 
purposes, and a variety of other mechanisms that affect 
science and engineering .education. The discussion of 
programs that follows is intended to give a perspective 
of what agencies can do in science and engineering 
education. 

An innovative pVogram being sponsored by the tjja- 
' "tional Aeronautics and Space Administration, the Space 
Shuttle student involvement program, is an example of 
a promising oppoTtunity. The program is an annual na- 
tionwide competition, conducted in grades 9-12, that 
urges students to propose scientific and engineering ex- 
' periments to be performed on the Space Shuttle. The aim 
is to increase student interest^ science and foster career 
development. 

Other opportunities to use existing resources and ca- 
pabilities in science and technology education are found 
in programs that allow students to use research centers 
and Federal laboratories to conduct thesis research. 
Again, the intent is to, increase the number of highly 
trained scientists ai)d engineers and to encourage students 
to consider careers in laboratories and research centers. 
Such programs are usually operated by DOD, NASA, 
DOE, NIH, and other agencies and" departments. . 

Employment o£ students in laboratories and research 
centers affords another promising opportunity. A work- 
ing model is the Research Apprenticeship Program for 
Minority High School Students (RAMHSS). RAMHSS 
uses existing activities to involve scientists, mathema- 
ticians, and engineers in the educational process. Through 
the program, minority high school students are employed 
as research apprentices in universities'; health profes- 
*' sional schools, hospitals, Federal laboratories, and other 
research centers. 

Student employment and assistance through grants to 
institutions or to specific research projects also help de- 




velop the scientific and technical personnel Wse. For 
^ ex'ample. the Department of Energy 4 provides trainee- 
ships to increase the number of graduates in energy- 
related engineering fields,, where there are critical needs. 
Similarly, the National Institutes of Health provides sup- 
port, in the form Of National Research Service Awards. 
• for research training in the biomedical and behavioral 
sciences The Department of Defense also offers a num- 
ber of initiatives at both the undergraduate and graduate- 
level for developing the scientific and technical personnel 
needed for defense'-related employment. 

Another education programthajj^uJd promote careers 
in such areas a*>.healtfi sttffife and health technology is 
operated b> the Department of Agriculture. Agricultural 
extension services have an educational system that, 
reaches into virtually every county in the United Stales 
and its territories. Current programs address such naT 
tional concerns as nutrition education, pest management, 
pollution, energy conservation, management of private 
. ^ forest land, and the needs of the.agrrcuJtural tommumty . 
Career development programs* rri health swerjee "and 
health technology seem to be a logfcal next step. 



NEEDS IN ELEMENTARY. SECONDARY. AND 
POSTSECONDARY EDUCATION 

/> 

The ability of education in science and technology to 
accomplish the goals addressed in*the NSF/ED report 
will necessarily depend upon the attention given to iden- 
tified needs in the schools, colleges, and universities, 
and to the communication of scientific an<j technical in- 
formation to, the public. 

New teaching materials irr science and technology are 
needed for the broad spectrum of* elementary and sec- 
ondary students, and special emphasis should be placed 
on the needs of minorities, women, andahe physically 
handicapped. Likewise-* strategies Tor making optimal 
use of the resources available in local industries, colleges 
and universities, libraries. museums.^planetariums. zoos, 
and nature centers and parks are needed. Also, secondary 
school students, teachers, and counselors should become 
more aware of the range of occupational and professional 
options that require adequate preparation in mathematics 
and science. * • 

To 1 encourage secondary school students to take more 
mathematics, additional efforts by State and local edu- 
cation agencies to develop ^mathematics courses appro- 
priate to the broad range of students are needed. Ex- 
panded enrollment in high school mathematics would - 
increase the career options available to^ high school t 
graduates. . 

There are already a number of programs that aim tcf 
identify students with special talent for science and^rnlfth- 
ematics during their early adolescent years and offer 
them opportunities to develop their interests in those 
areas. Such programs c6uld include summer workshops 
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in cQmmurlity and industrial settings, plus followup ac- 
tivities in the schools. 

' Attention must also be given to the needs of teachers 
State and local programs that speak to those needs can 
be focused more sharply on science, technology, and 
mathematics instruction. Such programs of State and 
local education agencies provide resources and assistance * 
in course preparation and in 'resolving day-to-day prob- 
lems encountered in teaching science, mathematics, and 
technology. The programs offer superior teachers a for-' 
rriat for.sharing insights with their less experienced col- 
leagues both locally and throughout the Nation. 

The establishment of regional centersjb^ State and 
local education agencies prov ides stfll more opportunities 
for educational initiatives in science and technology. 
Regional centers established jointly b> State and locaj 
governments and private industry could make science 
and technology equipment, including personal com- 
puters, available to schools. 

Iflservice ami summer institute programs and short 
courses sponsored by State and local agencies are another, 
approach to introducing'expenenced science and math- 
ematics teachers to new curricula and the uses of com- 
puter apd communications technology, and to upgrading 
the skills of less qualified teachers. Such programs could 
be supported jointly with industry and could offer teach- 
ers experience in industry' as well as in the more tradi- 
tional settings. 

There are additional opportunities to increase famil- 
iarity with the variety of possible careers m science, 
mathematics, and technology. Scientific and technical 
careers could be promoted by State and local education 
agencies and the private sector through vocational course 
material. Emphasis could be placed on detailing the oc- 
cupational opportunities .available to secondary school 
graduates with good Qualifications in -science and 
mathematics. •* V 

Beyond the elementary and secondary school years, 
technical training institutions and community colleges 
> could be ^integrated by State andjocal agencies into°the 
science and engineering, education system so they can * 
improve their effectiveness in attracting and training the 
* technicians needed to ensure our continued success as 
a technological &ciety. Similarly, the role that technical 
training institutjons and community colleges have in in- 
creasing public understanding of science and^echnology 
needs greater articulation. 

^Technical schools and community colleges could pro- 
vide a range of adult education courses aimed af increas- 
ing the public understanding of science and technology. * 
especially in relation to local and regional issues of sci- 
ence- and technology-related public policy. Further ef- 
forts could be made to help science and technology mu- \ 
seums, planetariums, zoos, and nature centers and parks 
improve their capabilities tor foster public understanding 
• of science and|J%chnology^State and local programs that 
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provide general support to museums and public libraries 
trould focused more sharply on public understanding 
of science and technology. 

At the undergraduate and graduate level, perhaps the 
greatest constraint on quality science^ and engineering 
instruction is.the laqjc of modern instructional equipment. 



Yet, This constraint presents' the opportunity for IMpser 
cooperation between industry and universines through 
the sharing of- research instrumentation. Exp^mdecl 
university-indastry cooperation could stimulate and 
enhance 'university research and makers results more 
accessible to industry. . * 
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' 1 1 International Affairs 



HIGHLIGHTS ' ■ 

• U.S. science and technology programs with bther 
countries help to maintain an international perspective 
of U.-S. leadership among nations as they increase our 
ability to combat global problems. 

World population is expected to increase by 50 percent 
by the year 2000, with 90 percent of the growth oc- 
curring in Third World Countries. Improved health 
care services and attention to family planning and con- 
traceptive technology are necessary. International co- 
operation in agricultural science and technology will 
help meet increasing demands for food. Efforts must 
' be made to adapt technologies to the specific socio- 
economic conditions of developing nations. 4 

• The United States is involved in programs with»msny 
nations to develop additional energy sources. At the 
same time, conservation of forest, water, and mineral 
resources requires international cooperation. Attention 
to the unique problems of arid lands .and to global 
r weatfier and climate effects is necessary. 

• The oceans nurture a tremendous variety and quantity 
of living resources and hold great promise for provid- 

• PaitKiptnts m the task group developing Oils' section included representatives of the De- 
partment of Sute and the Agency for International Development ' { , ^ 
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ing minerals, hydrocarbons, and, alternative sources 
of energy. Jurisdiction of ocean?f^Urces is a serious 
issue. A similar concern exists ii&jthe development of 
resources in the pol&r regions; V , 

• Pollution problems transcend national borders, re- 
quiring extensive international efforts in research knd 
control measures. The buildup of carbon dioxide in 
the atmosphere, depletion of the stratospheric ozone 
layer, pollution of the marine environment, 'aind waste * 
jdisposal should receive particular attention. 

• Th£ free flow of information and ideas, fundamental 
to American culture and society, disconcerts some 
nations. In addition, advances in telecommunications 
that result in crowding oflhc radio frequency spectrum 
and of geostationary orbit space raise regulatory con-> 
cerns. Peaceful use of outer space, another "common 
resource" of mankind, provides many opportunities, 
for cooperative efforts. 



INTRODUCTION 

ThejfcJifive been enormous changes in science and tech- 
nology in the past three decades. Those changes affect 
all areas Qf life,«transcend national boundaries, and may- 
be expected to accelerate in the next 5 years, offering 
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both n^w problems and new opportunities for U.S. for- 
eign policy. Growing problems of scarcity and distri- 
bution of life-sustaining resources— food, energy, water, 
and health services-^upthe face of population increases 
could destabilize political and economic institutions,* 
both internally and externally. The^a'dvancement and 
diffusion of technology will likely create new problems 
and issues, such as those associated with energy devel- 
opment, industrialization, and international communi- 
cation, even as they solve old ones. Those problems and 
others like them are global m their scope and implica- 
tions, and they can be tackled effectively only through 
international cooperation. * 

Advanced nations on the threshold of high-cost, high- 
risk, 4 4 Big Science*' projects will need te v pursue closer 
cooperation to advance the frontiers of scrence in space, 
alternative sources of energy, medicine, earthquake ?re- 
\ diction, and other areas of international concern. The 
demands of developing nations to share in the benefits 4 
of scientific and technological advancements for building 
their own economic infrastructures are almost certain to 
increase. Some of those nations are important suppliers 
of oil and minerals to the more developed countries; 
some are sources of political instability. 
* The nature, of the U.S. involvement in world affairs 
has changed significantly since the end of World War 
II. Traditional powers-relationships have given way to an 
emphasis on interdependence. Increases in the price of 
our major energy source, oil, are but one manifestation 
of .that growing interdependence. Consciousness of both 
the promises and limits of technology has risen in the 
United States and abroad Resources still seem abundant, 
but their uneven distribution gives rise to new opportu- 
nities for both cooperation and conflict over rights of 
access. ^ ( 

U.S. science and technology programs with other 
countries Serve important foreign policy functions. They 
help to maintain an international perspective of U.S. 
leadership among nations. They increase our ability to 
confront such global problems of international concern 
as malnutrition, prevention of disease, environmental 
pollution, and resource degradation- They assist the 
United States and others in meeting food, shelter, and' 
energy requirements, and they provide essential ingre- 
dients for future economic and social development. 

Scientific and technological cooperation can also help 
create >an irffernational political environment in*which 
collaborative research and development can flourish. It 
opens up objective scientific interchange which can help 
bridge political, ideological,. and cultural gaps between 
the United States and other countries. Bilateral and mul- 
tilateral science and technology agreements can be in- 
v strumental in providing access to inflation about 
scientific, technological, economic, 1 &nd political devel- 
opmenU^brp<lVand concurrently help to forge links 
amoDK the countries involved. Science and'technology 



(S&T) can also be expected *to play increasingly impor- 
tant roles in global economic and social development 
programs. U.S. policy encourages the growth of the 
economies of developing countries through the strength- 
ening of their S&T infrastructures. 



SCIENCE AND TECHNOLOGY FOR 
DEVELOPMENT , V 

t 

The recent Department of State and Council pn Envi- 
ronmental" Quality Global 2000 Report to the President 
projected late 1970s trends into the future, barring any 
dramatic technological innovations. The major conclii* 
sions of that study reinforced those of other recen^anal- 
yses, such as the World Conservation Strategy, which, 
point to a number of high priority emerging problem 
areas in which science and technology can play a major 
role in the years immediately ahead. For example, the 
Global 2000 Report projects a dramatic (50 percent) 
population growth by the year 2000, particularly in the 
Third W<yld Gross National Product (GNP) per capita 
will likely remain low in the developing nations. At the 
same time, food production by 2000 will increase by 
only 15 percent worldwide on a per capita basis '(in- 
cluding developed countries) on a projected 4 percent 
increase in cultivated land. Regional wqter shortages are 
projected to become more severe, as demand will double 
in nearly half the world due to population growth 1 . - 

If current rates of cutting continue, forests could be 
depleted by 40 percent worldwide. Most of the loss will, 
occur, in the tropical forests of Africa, Asia, and South' 
America.^Agricultural soils are continuing to deteriorate 
due to erosion, loss of organic matter, sal inization, .de- 
sertification, water logging^ and.alkalinity. Carbon' diox- 
ide (C0 2 ) is increasing in'the atmosphere to concentra- 
tions that could alter weather patterns by the middle of ^ 
the 21st century, and the combustion of fossil fyels, 
particularly coal, contributes to acid rain that may 'dam- 
age lakes, soils, vegetation, and buildings. Finally;\the 
ozone layer, which protects humans from cancer-cauSjng 
Ultraviolet light, could be threatened by the buildup'bf 
chlorofluorocarbons: 

Many of these effects will be fell heavily in the de- 
veloping nations,* where standards of living are already 
low. More broadly,. the global ecosystem will suffer . 
changes that could result in a decfjne in the quality of 
life in the richer nations. Better ways must be found to 
cope with and solve these extremely complex and dif- 
ficult problems, .including the more effective and effi- 
cient application of the tools of science and technology. 

population 

Rapid population growth is a fundamental cause of many 
of fhe emerging economic, social, and political problems 
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confronting mankind It is a major hindrance to economic 
development plans in less developed countries (LDCs), 
often shrinking or threatening to consume significant 
gains ih' income that would otherwise result from those 
plans. Attempts to improve the level and distribution of 
health care, in LDCs are also negatively affected. ' 

High growth jates play a key role in urban^and rural 
development, labor force standards of living, education, 
and a wide range of other social and cultural problems/ 
If a country has a relatively young age structure, its 
population will grow very rapidly for several decades, 
even after the rate of new births has been rpduced to the 
replacement level. , •* 

* A greater emphasis on family planning aimed at a 
significant reduction in population growth rates is es- 
sential for dealing with the problems mentioned above 
and the political instability they generate. Additional 
biomedical research into new contraceptive technology 
and its safety and convenience is needed. Most U.S. 
biomedical research in fertility control is conducted by 
'the National Institutes of Health Center for Population 
Research. While U.S. Government action is imple- 
mented abroad largely through the agencies directly con- 
cerned with economic development and foreign affairs, 
such other agencies as the Department of Commerce, the 
Department of Housing and UrbaVpevelopment, and 
the Department of Health and Human Services deal with 
social and 1 economic issuer that are affected by popu- 
lation growth. The largest multilateral assistance pro- 
gram for population issues is the United Nations' Fund 
for Population Activities. 



FOOD SUPPLIES 

U.S policy has consistently stressed strong bilateral*co- 
' operation in agricultural science and technology as well 
as comparable multilateral development efforts. Inter- 
mediate objectives include support for 1 the Food and' 
Agriculture Organization;- International Fund for Agri- 
cultural Development, Consultative Group fpr Interna- 
tional Agricultural Research, World Food Program, 
World Food Council, and international grain reserves 4 
programs. N 

The Department of State has assumed special respon- 
sibilities involving science and technology in agriculture. 
It works with' the Department of Agriculture, for ex- 1 
ampje, on international cooperative programs with MeX- *" 
ico on new crops, arid lands, agricultural productivity, * 
guayule (native latex) development, and plant genetics*/ \ 
germplasm exchange. Several interagency committees * 
focus on science and technology in agriculture. One ex- y 
ample*is the Interagency Plant Sciences Committee. , 

TKje U.S. goals include assisting the developing na- 
tions lin improving their food production capabilities; 
reducing foreign depervdence on U.S. food aid; improv* - 
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ing the management 5f the agricultural resQipte base on 
which food production v depends; 'mitigating trie complex 

t political, economic, and social problems that result from 
inadequate global food supplies, and encouraging energy 

» efficiency in agricultural production.^ 

I*fant pests and food spoilage, major reasons. for re- 
duced food supplies, require greater attention. Research 
is also needed in new crop development, including in- 
novative organizational and administrative approaches, 
particularly in delivering fertilizers and water to farmers 
and distributing and storing farm products. Although the 
United States can supply technological and scientific 
expertise as well as some agricultural development aid, 
increases in global food supplies will depend ultimately 
on actions of the developing nations themselves.' Such 
increases will entail larger investments in the generally 
neglected rural sector, land reforms, and improved re- 
search and extension efforts. 

INFRASTRUCTURE 

In order to apply science and technology to Third World 
social and f conomic development, the resources -Of the 
industrialized world, and especially its capacity for sci- 
entific and technological research, need to bctrought 
to bear on the'prQblems of developing nations. Countries 
of the Third World face language and institutional bar- 
riers and suffer from aJack of skilled manpower which 
frustrates their ability to absorb and adapt scientific in- 
formation and foreign technology. Their technology 
choices need to be adapted better to their own socio- 
economic conditions. For example,' most require' inno- 
vative ''capital-saving' ' (and labor-using) technologies 
that can provide needed employment opportunities, 
or capital-intensive industries to manufacture labor- 
intensive tools (such as better fany implements'and hand 
tools) to take advantage of large, unskilled populations 

, and to make each laborer more productive. • 
Appropriate Technology International, a private, non- 
profit institution mandated by Congress and funded by 
the°Agency for International Development (AID), sup- 
ports innovative and Jow-cost activities that encourage 
local self-reliance. Through grants, loans, and technical 
information and assistance, Organizations in developing 
countries can* improve their ability to test and promote 

►technologies gnd processes that fit the income, skills, 
culture ? and customs of & particiijar area, ^he World 
Bank, J^ie United Nations Development' Program, and, 
rffore recently, the U.N. Jaftoufund for Science and 
Technology for,Developmerijfe£e among the major mul- 
tilateral programs supportiiig^the ,developrr\ent of sci- 
entific capabilities*in Third World countries. 

It is also important to stimulate research activity inthe 
Third Worl^. Building scientific and technologicarci-. 
pacity requires paying attention tp the functions and in^ 
stitutions that 'stimulate scientific research and techno- 



802 FEDERAL AGENCY PERSPECTIVES 

logical innovation. Industrial research laboratories, national 
scientific organizations, and economic planning agencies 
•can be elements of a more fully developed scientific 
capacity, but to establish them will require the assistance 
of the international^scientific community 



ENERGY AND NATURAL RESOURCES 



JENERGY SOURCES 

Over the* next decade U.S. reliance Qn imp<3rtetf oil may 
be reduced through the development oJU.S coal, greater 
exploitation'of domqsticjigptroleum reserves, and inten- 
sive efforts at conservation. In the longer term, however, 
it will be necessary to bring about a* transition to more 
abundant and secure sources of energy. 

The United States is involved incumber of bilateral 
and multilateral programs to accelerate the commercial- 
ization of both new energy technologies and B nuclear 
power The multilateral programs include the United 
States as a leader in R&D projects under the aegis of the 
International Energy Agency (IEA^andfa similar role in 
the Organization for Economic Cooperation and Devel- 
opment (OECD)/IEA High Level Group on Energy Tech- 
nology Commercialization. The High Level Group, 
building on the work of the International Energy Tech- 
nology Group, has recommended: (1) a phased approach 
to new energy technology commercialization; (2) review 
and, where appropriate /restructuring of government reg- 
ulations and policies related to commercialization, (3) 
utilization of a variety of national measures to' create - 
energy technology options during the 1 980%, (4) facili- 
tation of 'opportunities for international cooperation to 
accelerate the solution of energy R&D problmis; and 
(5) monitoring and assessing the effectiveness of mea-' 
sures taken to encourage commercialization. 

An ideal energy source should be abundant, secure, 
reasonably priced, clean, and safe. Science and tech- 
nology in many countries can help make existing sources 
meet- those criteria better and can help to develop new 
sources with more*of those characteristics. Increased 
attention must also be given to commercialization of new 
technologies. Development of commercially^ available 
fuels frpn^biomass is already underway in several coun- 
tries. Exploration of solar energy and liquid fuels from 
^shalk* tar sands, and heavy oils has already begun in, 
r •some'&ases, but will require added research and invest* f 
ment. Commercialization is certain to involvd major 
•economic costs and may have health, safety, and envl- 
ronmental impacts on a global scale. Appropriate gov- 
ernment research is required to help fni^igate some of the 
global risks. _ • 



FOREST RESOUpe^S 

Tropical forests are ^rapidly disappearing. Continuing 
loss will affect watersheds and-the availability of certain 
woods. It will undercut development projects (for in- 
stance, water resources) in which the United States is 
investing and -accelerate the rate of extinction of tropical 
plants and animals, it could also cause changes in 
weather and climate, possibty on a global scale. A re- 
cently published report to* the President defined several 
important scientific and policy *goals*on tropical forest 
.management for tHfe immediate future. The United States 
will seek commitments from all'countries and interna-" 
tional and regional organizations to. provide for sound 
tropical forest management. Research should include a 

* world analysis of the rates and causes of tropical forest 
loss;' forest management techniques, ecosystem dynam- 
ics, commercial forestry efficiency, and economic use 

' of forest products; and major international programs to 
inventory^evaluate, classify, and catalog unique forest 
plant and animal types.. 

Several U.S. Government agencies will play important 
roles in that effort over the next several ^ears. the Na- 

' tional Science* Foundation and the Smithsonian Institu- 
tion will work on research; AID and the Peaqe* Corps, 1 

' oiwdevelopment assistance; the Departmehts of Com- 
merce and Stdte, on Sonomic^ aspects; the totional 
Oceanic and Atmospheric Administration, on monitor- 
ing; and the Departments of the Interior and Agriculture 
on ecological ,monitorfng. , „ * Jfc 

WATER RESOURCES 

o , , 

*Wflter availability .is, and will continue to be, a major, 
determinant of the dfrectton and pace of economic? and 
social development everywhere. Considerations :of both • 

^ quantity and 'quality are involved. Beyond purely do- 
mestic 'issues, U.S. interests focus on our relatfonships 
with Mexico and .Canada and on, our development as- 
sistance efforts overseas as well as international disputes 
and conflicts over watpr resources that may have political 
and economic impacts on the United- States. 

Shared pfoblems with Caftada include pollution of the 
Great Lakes by industrial and residual wastes^ With 
Mexico, the Rio, Grande and Colorado Rjver salinity 
problems* persist, and U.S. -Mexico relationships are ex- 
acerbated by increasing problems of aground-water ex- 
ploitation and water pollution from urban ,sewage. 

.U.S. objectives are' to develop the management ca- 
pabilities to optimize the long-term use ,of water re- 
sources, lessen the potential for conflict within- and - 
^rnong nations throu^broader information exchange on* 
♦management approaches and negotiation of* treaties and 
agreefenjs, and expand research and development to 
identify potential threats to water resources and develop ^ 
water-conserving alternatives to present management 
approaches. , , £ * 
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. Over the jie^t 5 years we anti 
provement in ^capabilities for 1 
water, desalting brackish ground 
and increasing the efficiency of watei 
and industry. Awljg sai|e time, legal 
^yer the use of shared- water resources, 
water diversions are quite likely to'grow rap] 



ARID LANDS MANAGEMENT 

Ecological changes that destroy the vegetative cover and 
soil fertility in arid and semi-and lands continue to ac- 
celerate as increasing populations in dry regions put more 
pressure on the* land to meet needs for livestock, range, 
cropland, and fuelwood. The United Nations has iden- 
tified about 2 billion hectares of landfc worldwide where 
the risk of desertification is "high" of "very high." the, 
total land so identified is 2Vi times larger than areas now 
classified as desert. Control of the desertification process 
is necessary if famine and extreme human dislocations 
are to be avoided. 

TbeU S. 'Mexico Agrerfpfcnton Arid Lands Manage- 
ment and Desertification Control established a joint pro- 
gram to combat gesertification in the border zone. The 
United £tate^ ha^xganded its bilateral development 
assistance program, in areas related to desertification,- 
including alternatives to firewood, reforestation and re- 
mote sensing applications in arid lands, and desertifi- 
cation monitoring and assessment. We have expanc^d 
research in such areas as salt- and drought-tolerant 
plants, commercial development of^variou* arid lands 
plants, new technologies and management techniques for 
watersheds and rangelands, and improved techniques for 
water harvesting. Opportunities for science and tech- 
nology to contribute include the design and funding o'f 
research and development on crops and vegetative cov- 
erings tolerant of various soil types, greater economi 
use of naturally occurring arid lands plants, rehabilitation 
of degraded lands, use of saline water in v agriculture, 
introduction • of operational desertification monitoring 
# techniques, and management of surface and ground- 
water reservoirs. 

U S Government objectives are to improve our own 
land use policies and encourage other nations to use arid 
lands more efficiently i ; e., to manage water resources, 
increase soil fertility, reduce grazing pressure, and plant 
crops suited for arid and semi-afid conditions. The 
United States has participated in a variety of efforts de- 
signed to control desertification. An interagency 'com- 
mittee, chaired by the Department of State, coordinates 
# U S programs and positions in this area v both with re- 
spect to U.S. /Mexico bilateral cooperation and U.S. par- 
ticipation in the Global Plan of Action on Desertification 



MINERAL RESOURCES 



t 



Demands for raw, materials will contigu£ to increase as 
more countries de-vfclbp their economies and as those 
economies become more complex, At this time, there 
rc no -physical shortagcof most minerals However, the 
long lead times required fof^minerals production can 
^ produce future'shortages of production capacity if current 
anvestment levels* are too low. U:S. objectives are to 
ensupe adequate long-term supplies of mineral raw ma-' 
terials essentia to the industrial base of the United States 
and°our allies, and to reduce dependence through con- 

• servatiori, recycling, ^ of Sutetitute materials, devel- 
opment of domestic resources, and diversification of im- 
port sources Instability of some producing areas could 
lead to supply interruption s. Dependence on such areas 
for minerals*can be reduced by developing alternative 
sourpes of supply New techniques of resource discov- 

* ery, extractipn, processing, and remote sensing will be 
used'to locate and manage natural resources. 

0 WEATHER A*ND CLIMATE 

- The United States* has been involved bfoadly in the de- 
velopment of weather sciences in recent decades.- Sat- 
elfre sensors provide synoptic views of large-scale 
, weather systems. A nejv>ork of Earth-based sensors pro- ' 
vides information on a more detailed scale. Considerable 
advances have been made, particularly in long-range and 
medium-range forecasting, and the use of high-speed, 
powerful computers should bring future predictions of 
greater accuracy based on rapid analysis of pressure and 
temperature data from around the globe. 

.WeatherrtRiiWication research has been conducted for 
some 50j years in this country. The potential benefits of 
modification malic it of continuing interest, even though 
it is not yet certain that it can be safely used in all it's 
fojms.TrogrfcSs is slow, partly' because the research is 
^difficult, and benefits an^ risks have to be balanced. 
International guidance and controls are likely to be a 
6 matter of increasing concern during the next 5 years. £s 
the relationships between climate antf. other factors be- 
•jcom£ better understood, "cooperative research efforts 
could be focused on weather modification. The U.S. 
5-year National Climate Program Hfltn emphasizes early 
production of useful data an<i information based on our 
existing knowledge of climate in addition to expzmding 
our understanding of its impacts on society. 

The World Climate Prbgram, .launched by the World 
'Meteorological Organization in 1979, is similar to the 
U.S. programjn data, applications, impacts, and re- 
search. The Department of State supports the objectives 
of both programs and is attempting to encourage coor- 
dination ai^mutual reinforcement qf activities wherever* 
* feasible, me objective is to develop a grqgter under- 
standing qf climatic processes and to lessen adverse cli- 



being administered by^the U.N. Environment Prograjyrf^ mate effects on world agriculture and on the atmosphere 
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and oceans. During the nc*t 5 years we should. improve 
our understanding of weather phenomena .and climate 
/changes by expandinsppportunities for gathering infor- 
mation on a global ftalc. " f ♦ 



OCEANS AND POLAR 1 AREAS 

v OCEAN RESOURCES * • 

In addition to playing a- central role in the dynamics % of 
the world's weather and climate systems, the oceans 
of the world* nurture a tremendous^ variety and quantity 
of living resources. They are, however, finite, and certain 
species have been so depleted that their use is no longer 
economical, Many nations are heavily dependent on the • 
oceans fonfood, ami some have adopted fishing practices 
that threaten certain species or that interfere with* the 
fishing activities *oi other countries. The trend is toward 
the coastal nations extending their jurisdiction over living 
resources in adjacent ocean areas. Becaustf that will per- 
mit greater domestic control of fishery resources, it holds 
promise for improving the ocean's productivity vn the 
- long run, but it is also likely to compound problems of 
access and effective international management of stocks 
that move across 'boundaries. - ^. 
The oceans hold great promise foi'Vnineral and hy- 
• cirocarbon production and far providing alternative 
sources of energy. One of the most exciting prospects ^ 
is the recovery of ^pdfymetallic nodules containing such 
critical minerals as coppfif, manganese,*and nickel from 
the floor of the deep sfeabed. The United States is con- 
tinuing to encourage the development of deep^seabecL^ 
mining technology and the possible regulatiofef such 
mining through appropriate-international arrangements/ ^ 
^Perhaps «as long as a decade will be required ^|oTfl^ 
commercial-mining of deep seabed minerals is fea$ib»F' c 
Until that time, we are- working with other nations to 
coordinate preparatory ocean mining activities. 

Further developments in undersea technology could 
make it an important foreign policy concern in the next 
5 year?. Offshore oil production continues to grow and 
to require increasingly complex and costly technology. 
The United States also hopes to help identify and develop 
>ther minerals 1 or potential energy sources .from the 
:eans. Ocean thermal energy conversion will' be an , 
^__iportant part of our marine; research effort, requiring 
'ic&ntinuing.cooperation among NOAA, the Department 
of Energy, and other Federal agencies. Wave power and 
o4km currents are other possible-energy sources. 
f?S?We ajso anticipate that our increasing ability to un- 
derstand the ocean and monitor changes in i\ will 
improve our capacity to-manage its living resources. The 
United States cooperates with other nations in such 
• bodies»as .the International Council for the Exploration 
of the Seas, UNESCO's Intergovernmental Oceano- 



graphic Commission (IOC), and the Food and Agricul- 
ture Organization (FAO) to promote international pro- 
grams aimed at increasing thc^ocean's yield of food The^ 
United States has also'beerfinsrumental.in inaugurating . 
the Ocean Science in Rdation tq Living Resources pro- 
gram under which lOC^md* FAO will cooperate to gafh 
a better understanding ^marine/ ecosystems as they re- 
late to the practical development of fisheries. 

POLAR REGIONS t • ' 

The Antarctic and, more recently, the Arctic have come 
to be perceived as distinct regions with unique .environ- 
mental, resources management, economic, and political 
characteristics. Both, regions exercise significant influ- 
ence on global marine and meteorological processes. 
They support uncommon^and, particularly in the case of 
the Antarctic productive ecological systems. Both re- 
gions offer unequaled opportunity for scientific research 
and are the subjects of increasing interest for their min- 
eral resourcs^potential. v 

The United States supports the establishment of in- 
ternational agreements to deal with resour<?e questions 
in the Antarctic. That objective aims not only at the wise 
management of existing or pptential resources ah<f the 
protection of the Antarctic environment, but also at main- 
iaining the system of international cooperation that has 
evolved under the Antarctic Treaty system. In the Arctic, 
* we seek resolution of boundary and other jurisdictional 
disagreements with our neighbors and, where necessary, 
arrangements to deal with the transboundary effects of . 
'increased human activity. * 
:f » During thfcne^S years, emphasis will be on the entry 
into force and effective startup of the Convention on the 
Conservation of Antarctic Marine Living Resources and 
negotiation of an international regime to dpal with pos- 
siblQ'mineral resources activity in Antarctica. The United 
States will also pay close attention to its scientific re- 
search priorities in Antarctica. In the Arctic, an Inter- 
agency Arctic Policy Group has been reinstituted to 
identify U.S interests there and to provide a mechanism 
for coordinating necessary action in pursuit of those 
interests. 
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ATMOSPHERIC POLLUTION 



A number of serious ^pollution problems transcend na- 
tional borders, requiring extensive international coop- 
erative efforts in research and control measures. At- 
mospheric pollution crossing international boundaries 
has become a concern in North America and Europe. 
The United States has signed the/Convention oij Long- 
Range Transboundary Air Pollution in the United Na- 
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tions Economic Commission for ^Europe Considerable 
further research on the direct/effects of atmospheric pol- 
lution bn human health and the environment is required 
if we are to make informed policy decisions. Qirrent 

^ {rends suggest that each problem'will worsen as increas- 
ing amounts of coal are used for generating electricity . 
Increasing concentrations of carbon dioxide (CO : ) re- 

- suiting from all forms of fossil 7uq combustion, and 
perhaps also from deforestation, are creating conditions 
that many scientists believe could raise theaverage tern-, 
peraturc of the atmosphere ,and radically change global 

«, weather patterns Additional research and monitoring are 
Reeded During the next jO years wfc should be able to 
qarify the impacts of the increasing transition of the 
United States and other nations to' coal, oil shale, and' 
synthetic fuels from ,coal for their energy needs.. In-" 
creased'CCK concentration may become one of jhe most 
controversial environmental problems of the next decade. 

The stratospheric ozone layer protecting Earth's sur- 
face from damaging ultraviolet light is being affected b> 
the emission of chlorofiuorpcarbons* (CFC) from such 
sources as aerosol pans and refrigeration equipment, b> 
nitrous oxide emissions from automobiles, andrp^ssiblv , 
by high-altitude aircraft flights This is a subject of in- 
ternational concern, since the causes appear to stem from 
industrialized countries located all through the world. 
The most widely discussed potential effeetof an increase 
in ultF^violet light penetration through the atnfasphere 
is a higher incidence of skirt cancer, but fiamage to food 
crops might prove to^be the most serious ozone-related 
problem. Additional researcfi is needed on the actual 
effects of emissions from social agd industrial sources 
and on the effects "of ozone depletion on vegetation. 



MARINE POLLUTION 

Over 90 percent of the pollution of the marine environ- 
ment arises from land-based Sources that enter the oceans' 
from rivers, coastal outfalls, agricultural and urBSiTrun- 
, off, and by transport through the atmosphere. Estyanes, 
marshes, swamps, and shallow coastal' waters are fiab- 

. itats for many species of commercial fish, shellfish, and 
wildlife. They are also important areas for tourism, urban 
development, and human water supplies. Industrial 
chemicals, heavy metals, nuclear wastes and heat, pes- 
% ticides and other agricultural chemicals, soil erosion, and 
sewag£can all have deleterious impacts on human health * 
and contribute to the contamination of what has been 
called the most biologically productive system on Earth. 

The'oceans.-particularjy areas neacshore, have always 
been considered suitable places for waste disposal.- As 
long as t\\c ecosystem is not overloaded, dilution, deg- 
radation, and distribution can legitimately assist in waste 

.disposal However, as industrialization proceeds, in-, 
creasing amounts of materials and pollutants find their , 
way to marine areas, and overloac^sVesult. Pollution con- 
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trol costs are high,, involving not only expensive equip- 
* ment> But also decisions oo suckmatters as factory siting, 
urban development, and land,use. Many countries border 

; on large bodies of water, and concerted action is nec- 
e,ssa'ry. Economic and political questions are being raised 
about shared resources, sovereign rights, availability of 
alternative waste disposal sites, and differing cultural 
values. The deliberate dumping of wastes directly into 
the oceans is*a multifaceted and critical issue, with wide- 
ranging economic and ecologicarconsequences. Re- 
search must identify the volume of material that can be 
tolerated without significant contamination of, the food 
chains of water, and, ultimately , danger to human health: 
The international aspects of marine pollution have 

*• become ^increasingly visible during the past decade' v be- 
cause of oil spills. The Torrey Canyon oil spill in 1967, 

> the* more recent Amoc o Chdiz and Argo Men hunt spills, 
and the Qampeche.oil spill off the coast of Mexico called 
publje attention to this environmental menace The Law 
of the Sea Conference and a recent protocol to tfie In- 
tergovetnmenfal Maritime Consultative Organization 
(IMCO) Marine Pollution Convention prescribe effective 
international regimes to control marine pollution from 
vessels, but additional controls are needed. Although 
vessels account for only 10 percent of ocean pollution, 
larger tankers in international commerce will probably 
increase that figure, requiring international action to pro- 
tect the ecology of the oceans 



WASTE MANAGEMENT 



ERLC 



The United States is -a* majoF consumer of nature's 
bounty. Other countries urge us to be more conservative 
in our use of resources, and many see low-waste tech- 
nology as a necessary development. Increased attention 
is. expected to be paid to cooperative efforts in such 
technology. At present, there are unavoidable wastes that 
are not recyclable for technical or economic reasons. 

'Such wastes must be disposed of in, a way that does nQt 
threaten human life or the elrvlromnent. As waste mate- 
rials continue to accumulate, the pressures to solv£ the 
problem by exporting them for disposal abroad will 

1 increase. v 

Export of hazardous wastes is a difficult issue, as'most . 
countries do not have environmentally sound disposal 
or recycling capabilities. The United States has estab- 
lished a system for notifying potential importing coun- 
tries of the nature of wastes, allowing those countries 
to prepare for disposal or recycling of the hazardous 
wastes in an environmentally acceptable manner, 

MEDICINE AND HEALTH • * , 

v ,. Such illnesses as malnutrition and tropical diseases take 
a major toll in*developing-nations. The results are not 
only death and human suffering, but 'stagnation of eco- 
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nottiic progress due to tfie inability ofrtie sick to con- 
tribute to society. The immediate need ^n most devel- 
oping countries is for primary health care pfQgraflft that 
can ensure better distribution of health -services to all 
social and geographical groups. Safe dnnking<water and 
sanitation systems, better distribution of more jiutntious 
ibod, stabilization of population growth, and ^general 
education could substantially improve health. 
* It is U.S. policy to promote greater attention t^^pri- 
mary health *care, the inclusion' of health in the overall + 
developments framework, Und Self-reliance in health* 
among developing nations. U.S policy through AID and 
through the World Health Organization and Other pro- 
grams of .the United Nations .emphasizes primary health 
care along with safe drinking water, better nutrition, 
control of disease, effective health'care delivery systems, 
and improved heajth planning. It is also U.S, policy to 
make available the Nation's vast expertise on medical 
and health issues and to work toward improvements in 
diagnosis, control, and treatment as well as prevention 
of disease. 



INFORMATION, TELECOMMUNICATIONS. AND 
ADVANCED TECHNOLOGY > »* 

FREE FLOW OF INFORMATION 

» 

The principle of free flow of information and ideas re- 
gardless of national frontiers is fundamental-to Am^^s^^m✓- 
culture and society. Some CQuntries continue uTurge 
international regimes under which controls over the flow 
or even the content of transborder communications would 
be acceptable. A number have adopted regulatory 
schemes for dealing^with the flow o£ data that might 
affect the privacy or other rights of citizens. International" 
efforts to protect^rights and at the same time preserve 

freedom of information flow will become increasingly 
* # 

important in the n£xt 5 years. 

Growing Third World support for the concept of a 
New World Information Order is>troublesome. The con^ 
cept urges a * 'balanced" flow of information through 
Controls on newsmen, an international "right of reply" 
to critical or unflattering news coverage, concessional 
communications tariffs', and the transfer of scientific and 
technical information to developing countries on conces- 
sional terms. The principal forum for promoting the con- 
cept has been UNESCO. 

Our developed trading partners view the preponder- 
ance of the United States in information and data proc- 
essing with some misgiving. They see an international 
economy dominated by an information-rich United 
States. Thus, the development of information and pri- 
vacy policies in some countries hps not been free of 
protectionist considerations. 

In addition, the amounuof capital needed to help -bring 
the Third World up to a rough "balance" with the de- 



veloped countries in communications is \efy areat The 
intejnatipnal community needs to mobilize ailajeral, 
multilateral, and private sector assistance for commu- 
nications development and to ensure that communica- 
tions receives appropriate priority in national and inter- 
national development strategies. \ 

TELECOMMUNICATIONS ' 

Rapid advances are being made in telecommunications 
technologies. Large-scale integration of electronic com- 
ponents is permitting equipmentjecononues and promises 
to spawn new capabilities. A number of •other technical 
advances indicate that the ease'with which* we commu- 
nicate will grow both domestically 4rid internationally, 
'wljile the costs will diminish. We can anticipate rapidly 
increasing use of the' radio frequency spectrum and of 
satellite geostationary orbit s [f|«y both developed and 
developing countries. " ^ 

Because television' is so effective ^'medium for the 
commitfiication of ideas, many countries fear uncon- 
trolled broadcasting from stations: outside then- jurisdic- 
tions. The broadcast of television from satellites to home 
receivers in other countries is of concern to many coun- 
tries, and dTofts are under way in the UiiitedL Nations 
to deal with the problem. Developing countries are con- 
cerned that they will be preempted from the future use 
of satellites to meet their telecommunications require- 
ments. They believe" that the existing and planiled-space 
systems of industrialized countries will use ail the^avail- • 
able frequency and orbit resources. The crowding of the 
radio spec^um and of geostationary orbit space is in- 
creasing Third World demands fof equitable sharing of 
that "common resource" of mankind. 

Somcadvoca^e detailed advancecj "planning of space 
services that will guarantee availability of frequencies 
and orbit locations for developing countries in the future. 
In the next 5 years we expect to see several countries 
progress towarci establishing domestic satellite television 
broadcasting systems, anji at least one regional system 
may be started. That will probably raise the level of 
interest of a numbei^of countries heretofore rather un- 
concerned about the issue. The existing international reg- 
ulations for the use of the frequency spect^m and geo- 
stationary orbh space provide for satellite systems on an 
as-needed basis, and they ensure access to^w systems 
implemented later. The United States will seek to rctafn # 
the basic principles of those regulations in the bejief that 
they result in more efficient use ofjlhe limited resources 
and_will therefore serve all countries bettor in the long 
run. * • 

CIVIL SPACE ACTIVITIES 

We are witnessing a nfafgring of foreign space capabil- 
ities and a widespread international recognition of the 
benefits of space activity. National SWgets and industry 
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investments arc increasing Many countries now consider 
space, significant enough to require more than an ad hoc 
approach to funding and polic> making Space activities 
have become the subject of 10-. or 15-year plans in 
Jap'an, Ittly. France^and India Several uther'countnes. 
among them Germany . Canada, and the Netherlands, are 
ijioving toward such long-range plans 

The'.Umted Nations Committee on the Peaceful Uses 
of Outer Space plavs^a major role in international space 
relation* The issues before the Outer Space Committee 
include the use of satellites for direct television broad- 
casting, remote sensing of Earth. 'use of geostationary 
orbit space, nuclear power sources in outer space, and 
the, definition or delineation of outer space. The 1982 
United Nations Conference on the Exploration and 
Peaceful Uses of Outer Space (UNISPACF '82) could 
become, the focus 'of significant activity in 198! and 
1982 The working theme of the conference is applica- 
tion ot space science and technology to the problems of 
developing countries -Jhis cotfld provide the opportunity 
to review and displavnhe corftnbutions^nd capabilities 
of U S Government and mdustry *o help solve tbose 
problems . ' 

-The U S Space Shuttle* will have a major nnpaet on 
all areas of our international space relations during the 
next decade The* European Space Agenc> (ESA) has 
made a large investment in designing the first tw^Space- 
labs to be launched by the Shuttle Canada is developing 
the remote manipulator system, and a Swiss astronomer 
and a Dutch physicist will be trained by the National- 
Aeronautics and Space Administration (NASA) as mis- 
sion specialist candidates for the Shuttle, 

International participation in the U.S Landsat pro- 
gram also continues to, grow In 1980. stations began 
operation in Japan. Jn'dia. Australia, Argentina, and 
South Africa— joining existing stations in Canada. Bra- 
zil, ltal>. and Sweden Landsat ground station agree- 
ments were signed with Thailand and China, and a num- 
ber of other countries are considering joining the system. 
The European Space Agency, France. India. Japan, and 
the Soviet Union have also initiated remote sensing pro- 
grams The foreign programs offer the prospect of both 
competition and cooperation with the U.S. program The 
high costs of, remote sensing for^all operators require 
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avoidance of duplication in spacecraft and ground sys- 
tems. It can be achieved by ensuring compatibility in* 
future system developments and by taking advantage of 
(Complementarity of the various systems being planned. 

Careful managemenj of data domination and pricing 
in the U S.' program is needed lo increase international 
cooperation and participation. Many dpternational users 
rely heavily on Landsat data, not ohlj^for resource ap- 
plications', but for education and research. RegioriaJ 
meetings with developing countnes-to incorporate their 
needs into plans " for /uture systems, are scheduled for 
1981 and 1982. . 

« 

A joint stud) of ultrahigh frequency mobile satellite 
communications is underway with Canada. The possi- 
bilities of a joint mission, configuration for-the satellite, 
a ground network, and*sharfhg arrangenients for hard- 
ware_ development have been examined. The United 
States. Canada, and France have agreed to evaluate a 
S*ttellite-Aided Search and Rescue Communications Sys- 
tem, designated SARS^T. They have concluded an un- 
derstanding *vith the[ Soviet Union for cooperation be- 
tween -fmRSAT and a similar Soviet system called 
COSPAS Under th,e terms of the understanding, the two 
systems will be interoperable Norway has asked to join 
the SARSAT experiment and has .been approved in prin- 
ciple as an* investigator Sweden. Italy. Japan, and, Brazil 
are considering joining the Western nations, and Bul- 
garia, the German Democratic Republic, and Poland may 
join the Soviet sfi^itient. The system will uSe both Soviet 
and U.S. satellites^ 

As part of our effort to understand the nature of the 
Sun and its effects oa Earth* »NASA launched the Solar 
Maximum Mission Satellite in February 1980. Scientific 
instruments for the mission were contribute^ by the 
Unitecf Kingdom and the Netherlands. 
, The importance to the United States of *ll this inter- 
national cooperation is immeasurable. Not only.dqes it 
Ijelp us to c,ut costs by s^hapng responsibilities and ben- 
efiting from the^ technology of others, but it allows us 
to remain a leader in space aetivify. In an era of inflation, 
and increasing competition in space, it is important that 
the United States fine* a -way to remain competitive in 
the "space race." There arecmanywho depend upon our 
ability to do so. . ** i t 
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disease prevention and health promotion. References are 
given. \ 

I . < 

U.S.'Department of Health and Human Services, Public 
Health Service. Prevention '50. Washington, D.C.: U.S. 
Government, Printing Office, 198 L *J , 

Reviews some major achievements in prevention, cur- 
rent trends in health status,,and innovations in p/evention 
undertaken by various Federal agencies. A detailed in- 
ventory of prevention activities with the Department of 
' Health' and Human Services is provided, organized ac- 
cording to the 15 priority areas outlined in Objectives 
for the Nation and Healthy People. 

U.S. Departmept of Health and Human Services, Public 
Health Service. Promoting Health/Preventing Disease: 
Objectives for the Nation. Washington, D.C.: U.S. Gov- 
ernment ^Printing Office, Fall 1980. " 

Serves' as a, follow-up document to' the 1979 Surgeon 
General's Report on Health Promotion* and Disease Pre- 
vention. Sets forth some specific and (quantifiable objec- 
tives necessary for attainment of the broader health goals 
outlined in the Surgeon General's Report. Objectives are 
established for each of the 15.{5riority areas identified in 
the earlier Report. : 

U.S. Department of Health and Human Services, Public 
Health Service, National Center for Health Care Tech- 
nology, Office of health' Research, Statistics, and Tech- 
i^logy. National Center for Health Care Technology % 
Policy and Program, 1981. (DRAFT) Available from 
the National Center for He^Jth Care Technology H Park- 
lawn Building, Room UA-29, 5600 Ffehere'Lane/Rock- 
ville, Maryland 20857. , , 1 " 

,Pfovides background irfformation on the mission and 
role, development, principal programs ^nd activities, and 
general policies of the National Center for Health Care 
Technology (NCHCT). Calls attention to areas in health 
N care technology assessment in "jvKibh" in&vidualsVmP 
groups jnay wish to collaborate with the Centpr. 

U.S. Department of Health and Human Services, Public 
Health Service, Nation^ Center for Health Services Re- 
search, National Center for Health Statistics, Office of 
Health Research, Statistics, and Technology: Health, ' 
United States 1980: With Prevention Profile. Washing- 
ton, D.C.: U.S. Department of Health and Human Serv- 
ices/^. 

Represents the fifth annual report on.the health status 
of the Nation submitted by^the* Secretary of Health and 
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Human Services to the President and .Congress of the 
United States in compliance with Section 308 of the 
Public Health Service Act. Presents s^tistiqs concerning 
9 recent trendsjn the health care sector and detailed dis- 
cussions of current health issuesc.Cootains Prevention 
Profile which provides a helpful data base and serves to 
increase public awareness of the prevalence, incidence, 
and trends in preventable causes of death, and disability 
in the United States. • 

U.S. Department of Health and Human Services, Public 
Health Service, National Center for Heap Statistics, 
Office^of Health Research, Statistics, and*Technology. 
Proceedings of, the 18th National Meeting of the Public 
Health Conference on Recora% and Statistics: New Chal- 
lenges for Vital and Health Records. Washington, D,C,: 
U.S^Department of Health and Human Services. 

Contains the papers of statisticians, 'health planners, 
data services specialists and others on such topics as the 
current challenges presented by data needs in the areas 
^ of environmental and occupational health, health pror 
motion, and health care technology assessment. Other 
topics include new uses" for existing records, methodo- 
logical issues and the 1980 census 

.' / 

U.S. Department of Health and Human Services, Public 
Health Service, National Institutes of Health. Health 
v Research Activities of the Depattment of Health and 
Human Services: Program Planning and Proposed Jn- 
/ itiatives for Fiscal Year 1981. Washington, DX,: U.S, 
Government Printing Office, 1980. 

Describes briefly the nature of the health Research plan- 
ning activities of each of the agencies of the Department 
of. Health and Human Services and highlights a number 
W special interagency health research initiatives. The 
report represents one phase of the effort to develop a 
comprehensive long-range health research plaa for the 
Department. * ^ 

U.S. Department of Ifealth and Human Services, gubjic 
Health Service, National Institutes of Health. NIH Re- 
search Plan, Fiscal Years 1982^$4. Washington, D.C.: 
• National Institutes of Health, 198 1 . 
«~ . As ^ an n ua l /es^e^cj^an oHhe Natjpi^ljnstitutes • 
of ffealth, focuses on^activfties of individual NffiFlnSti- 
tutes and on selected research policy issues, e.g., sta- 
bilization of projec{ grants. A supplement contains the 
1980 proceedings of the Advisory Committee to the 
Director, NIH, which has been examining a number of 
important research cost and accountability issues aslhese 
affect academic institutions. 

U.S. Department of Health and.Human Services, Public 
Health Service, Natjbnal Institutes of Health. Report of 
the Interagency Radiation Research Committee. Wash- 
ington, D.C.: National Institutes of Health, 1980. . 
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Considers three proposals to conduct research on pos- ! 
sible health effects of radiation from nuclear weapons 
> testing in Arizona, Nevada, Utah; contains a historical 
summary by Richard G. Hewlett of nuclear weapons 
testing and studies related to health effects. % 

* U.S. 'General -Accounting Office. World Hunger and 
Malnutrition Continue: Slow Progress in Carrying Out 
World Food Conference Objectives. Report to the Con- 
gress by the Comptroller General of the United States. 
•Washington, D.C,: U.'S. General Accounting Office, 

Veterans Administration. Annual Report, Administrator 
of Veterans Affair's. Washington, D.C: U.S. Govern- 
ment Printing Office. 

* Presents a summary of activities in last 12 months, 
comparative budgets of last year and present year, ap- 
pendix of statistical charts; also indicates present status 
and futifre goals. 

S. Wortman. 44 World" Food and Nutrition: The Scientific 
and Technological Base;' Science, Vol. 2091July 4, 
4980). 
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Jeanne Anderer, Alan McDonald, and Nfebojsa Nakr- 
cenovic. Energy in a Finite World, Vol. 1 Qnd2. Report 
by the Energy Systems Program Group of the Interna- 
tional Institute for Applied Systems Analysis, Wolf Haf- 
* ele, Program Leader. Cambridge, Mjtssachusetts: Bal- 
linger Publishing Company, 1981. 

Considers power resources and energy policy, sug- 
gesting possible energy- futures. 

4 

Annual Review of Energy, Vol. 5. "Annual Reviews 
1980." Palo Alto, .California. * 

Includes: 4 'The role of governmental incentives in 
energy production: an historical -overview," by Joseph 
P. Kalt and Robert S. Stillman; 4 'Carbon dioxide warm- 
ing and coastline flooding: physical factors and climatic 
impact," by Stephen H. Schneider and Robert S. Chen; 
"Environmental aspects of renewable energy sources," 
. John P. Holdren, Gregory Morris, and Irving Mjntzec; 
"Renewable energy resources for developing coun- 
tries," by Norman L. Projvn; and "The technological 
and economic development of photovoitaics," by Dennis 
Costello and Paul Rappaport. 

Leland D. Attaway, et al. Possible Future gnvironmen- 
tal Issues For Fossil Fuel Technologies. Washington, 
D.C: U.S. Department of Energy, 1979. 



Identifies the major environmental issues that are 
likely to affect the implementation of fossil energy tech- 
nologies between 1985 and 2000. Considers the envi- 
ronmental impact of oil recovery and processing^ gas 
recovery .and processing, coal liquefaction and. gasifi- 
cation, direct coal combustion, advance power systems, - 
magnetohydrodynamics, surface oil 1 shale retorting and 
true modified in situ shale retorting. 

John R. Brodman and Richard E. Hamilton. A Com- 
parison of Energy Projections to 1985. International 
Energy Agency,. Paris: Organization for Economic Co- 
operation and Development, 1979> v 

'Compares and analyzes pactions estimating world * 
demand for oil produced by the OPEC countries in 1985. 
Provides a table comparing the 78 energy studies and 29 
individual estimates included in the study. 

I. C. Bupp, et al. Energy Future: Report of the Energy 
Project of the Harvard Business School. Edited by Rob- 
ert Stobaugh and Daniel Yecgin. New York: Random 
House,' 1979. . * 

Includes bibliographical references and index. 

CONAES »Demand and Conservation Panel. 4 4 Energy 
Demand: Some Low Energy Futures," Science, Vol. 
200, No. 4338 (1978), pp. 142-152. 

Corporate Planning and the Public Affairs Departments 
of Exxon Corporation. World Energy Outlook. Exxon - 
Background Series. Exxon Corporation, 1980. 

Projects the supply and demand of all forms of com- 
mercial energy through the year 2000. 

Exxon Engineering Symposium, *I980. Edited by Bartf 
Tarmy. Florham Park, -New Jersey: Exxon Research and 
Engineering Company, 1981. * 

W. Hafele. 44 A Global and Long- Range Picture of En- 
ergy Developments,' 1 Science, Vol. 209 tfuly 4, 1980). 

E. T. Hayes. 44 Energy Resources Available to the United 
States, J985 to 2000." Scierw^Vol 203, No. 4377 
(1979), pp. 233-239. ' 
An overview of the prospects for energy supply. ^ 

John G. Kemeny, Chairman, President's Commission 
' on the Accident at. Three Mile Island. The Need for 
Change: The Legacy of Three Mile Island. Washington, 
D.C: U.S.. Government Printing Office, 1979. 

Richard A. Kerr. "Carbon Budget Out of Whack," Sci- 
ence, Vol. 208' (June 20, 1980), pj>. 1353-1356. 

Hans H. Landsberg, Chairman. Energy, the Next Twenty 
Years: Reports by a Study Group Sponsored by the Ford. 
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Foundation Administered -by Resources for the Future. 
Cambridge, Massachusetts: Ballinger Pyblishing Co., 
1979. 4 

Develops seven fundamental "realities" to define the 
energy problem and proposes various policy options to 
deal with them. 

National Association of State Universities* and Land- 
Grant Colleges. Supply and Demand of Scientists and 
Engineers in Energy-Related Arias. Office of Commu- 
nications Service, Washington, DX.: National Associ- 
ation of State Universities and Land-Grant Colleges, 
1979. , 

National, Research Council, Commission on Sociotech- 
nical Systems, National Materials Advisory Board. Ma- 
terials Aspects of World Energy Needs. International 
Materials Congress, Reston, Va.- Washington, D.C.: 
National Academy of Sciences* 1980. 

Addresses the materials problems which must be 
overcome to produce energy efficiency without sacrific- 
ing environmental quality. Presents a compilation of 
papers by participants in the International Mat^jals 
Congress 

National tf^earch Council, Committee on Nuclear and 
Alternative Energy Systems. Energy Modeling for an 
Uncertain Future, ^Supporting Paper 2< Washington, 
D.C.j National Academy of Sciences, 1978. * 

; National Research Council, Committee on Nuclear and 
' Alternative Energy^ Systems. Energy in Transition, 
1985-2010; Final Report. San Francisco: W. H. Free- 
man, 197?. 

^ Includes a discussion of slowing the growth of energy 
:onsumption, in addition to consideration of oil and gas 
supply, c0al, nuclear power, controlled nuclear fusion, 
fc solar energy, geothermal energy and #sks involved in * 
these energy systems. • «. f 

National Research Council, Committee on Nuclear and ^ 
Alternative Energy Systems. Problems of U.S. Uranium 
Resources and Supply to the Year 2010, Supporting Pa- 
per L Washington, D.C: National Academy of Sci- * 
ences, 1978. 

National Research Council, Committee on JScience and 
Public Policy. Risks Associated with Nuclear Power; A 
Critical Review m of the Literature, Summary and Syn-^ 
thesis Chapter. Washington, JD.C: National Academy - 
of Sciences, 1979. 
i 

National Research Council, Supply and Delivery Panel, _ 
Solas Resource Group. Domestic Potential of Solar and 
Other Renewable Ipiergy Sources. WaShingtorif D.C: 
National Academy of Sciences; 1979. ' ** 
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Estimates the energy costs and potential market pen- 
etrations of solar, wind, biomass and ocean thermal en- 
ergy, conversion* technologies under a variety of 'as- 
sumptions. The estimates ar^ calculated for a base 
scenario of normal development of the solar market and 
special scenarios estimating various levels of government 
support. 

National Science Foundation. The Five-Year Outlook: 
Problems, Opportunities dnd Constraints in Science and 
Technology. Washington, D.C: U.S. Government Print- 
ing Office, May 1980. 

Nuclear Regulatory Commission. NRC Long Range Re- 
search Plan FY 1983 to 1987' Washington,. D.C.: Nu- 
clear Regulatory Commission, 1981. v 

Oklahoma University, Science and Public Policy Pro- 
gram. Energy from the West; Energy Resource Devel- 
opment Systems Report. Interagency energy-environ- 
ment research and development series. Washington, 
D.C.: U.S. Environmental Protection Agency, 1979. 

Describes the technologies likely to be used for de- 
velopment of coal, pil. shale, uranium, oil, natural gas, 
and geothermal resources in eight western states .(Ari- 
zona, Colorado, Montana, New Mexico, North Dakota, 
Sodth Dakota, Utah, and Wyoming). Examines the de- 
velopment of these energy resources in the eight states 
from the present to the year 2000. 

Roger Revelle. "Energy Qilemma in Asia: The Needs 
for Research and Development," Science, Vol. 209 (July 
4, 1980), pp. 164-174. 

Hans L. Schmid. The Swiss Energy Concept. Vienna: 
Vienna Institute for Comparative Economic Studies, 
1979. * 

Describes Swiss energy policy objectives and 13 dif- 
ferent scenarios up to the year 2000 with respect to en- 
ergy policy measures as well as energy demanded 
supply projections. 

.Lester W. Schramm. U?S. Shale Oil Fbrecasts 
"(1985-1995). Washington, D.C;' U.S. Energy Infor- 
mation Administration, 1980. 

Provides forecasts of shale oil production until 1995 
under low, medium and -high world oil price scenarios 
shown in the 1978 Energy Information Administration, 
Annual Report to Congress. » 

Robert V. Steele, et al. Leading Trends in Environmental 
Regulation thai Affect Energy Development; Final Re- 
port. Washington, D.C: U.S. Department of Energy, 
Division of Environmental Impacts, 1980. 

Identifies and assesses major environmental issues that 
are likely to affect the implementation of energy tech- 
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nologies between now and the year 2000. Specifically 
addresses oil recovery and processing; gas recovery and 
processing; coal liquefaction; coal gasification (surface); 
in situ coal gasification; direct coal combustion; Ad- 
vanced power systems; magnetohydrodynamics; surface 
oil shale retorting; true arid modified in situ oi\ shale , 
retorting geothermal energy; biomass energy conver- 
'sidn; and nuclear power (fission). 

Synthetic Fuels Development: Earth-Science Consider- 
ations. Edited by D. A. Rickert, W. J. Ulman, andE. R. 
Hampton. Washington, D.C: Geological Survey, U.S.^ 
Government Printing Office, 1979. 

Robert H. Twiss, et al. Land Use and Environmental 
Impacts % of Decentralized Solar Energy Use. Washing- 
ton, D.CrU. S. Department of Energy, 1980. 

.Examines the physical, spatial and land-use impact of 
decentralized solar technologies applied at the commu- 
nity level by the year 2000. Provides a basis for eval- 
uating the way in which a shift toward reliance on de- 
centralized energy technologies may eventually alter 
community form. 

U.S. Bureau of Labor Statistics. Technological Change 
and Its Labor Impact in Five Energy Industries. Wash- 
ington, D.C.: U.S. Government Printing Office, 1979. 

Appraises some of the major technological changes* 
emerging among selected American industries and dis- 
eases the impact of these changes on productivity and 
occupations over the next 5 to 10 year^. Contains sep- 
arate reports for coal mining, cjil and gas extraction, - 
petroleum refining, petroleum pipeline transportation 
and electric and gas utilities. m 

0 

U.S. Central Intelligence Agency-, National Foreign As- 
sessment Center. USSR: Coal Industry Problems and 
Prospects. Springfield, Virginia: National Technical In- * 
formation Service, 1980. 

Discusses the role of the co2*l industry in Soviet energy 
strategy. Assesses the causes of the current lag in pro- 
duction, and analyzes the problems and prospects in the 
development of new Siberian*coal basins. Examines So- 
viet supply/demand relationships for coal during the 
1980s. 

U.S. Central Intelligence Agency, National Foreign As- 
sessment Center. The World -Oil -Market in the. Years 
Ahead. Springfield, Virginia: National Technical Infor- 
mation Service, 1979. • ^ 

Finds that the world can no longer count on increases- 
in oil production to meet its energy needs and that the 
world does not have years in which to make a smooth 
transition' to alternative energy sources. Explores the fu- 
ture^ oil production restraints which have been imposed 
by many countries. * '„ 
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U.S. 4 Congress, House of Representatives. Alternative 
Breeding Cycles for Nuclear Power: An Analysis (revised 
August I9§0) (publication no. A A A). .Report of the Com- 
mittee on Science and Technology, August 1980. Avail- 
able from H 2-4 55 HOB Artnex 2, Washington, S D.C. 
20515. , 

U.S. Congress, House of Representatives. Energy From 
Biomass and' Solid Wastes: Prospects and Constraints 
(publication no. I^JR). Report of the Committee on Sci- 
ence*and Technology, June 1980. Available from H2- 
155 HOB Annex 2, Washington, D.C. 20515. 

U.S. Congress, House of Representatives. Fusion En- 
ergy: An Overview of the Magnetic Confinement Ap- 
proach, Its Objectives, and Pace (publication no. GGG). 
Report of the Committee on Science and Technology, 
December 1980. Available ffom H2-155 HOB Annex 
2, Washington, D.C. 20515. * * 

a 

U.S. Congress, Hous$ of Representatives, Committee 
on Interior and Insular Affairs, Sukommittfe op Energy 
and the Environment. National* and . Regional Power 
Needs Through the Year 2000. F t vom the oversight hear- 
ing held on July 16, 1979, before ^Subcommittee on 
Energy and the Environment, Committee on Interior and 
Insular Affairs, U.S. House of Representatives, Ninety- 
sixth Congress, first session.^Washington, D.C: U,S. 

• Government Printing Office, F980. 

• \ • 
U.S. Congress, House of Representatives, Committee 
on Science and Technology. National Academy of Sci- 
ences Report: Energy in Transition, 1985-2010. Hearing 

1 before the Committee on Science and Technology, U.S. 
House of Representatives, Ninety-sixth Congress, sec- 
ond session, January 25, 1980. Washington, D.C: U.S. 
•Government Printing Office, 1980. t4 Uriited States En- 
ergy Alternatives to 2010 apd BeyorfduThe CONABS 
Study," by Harvey Brooks and^JackM. Hollai)der, pp. 
64-133. 1980. * • • . ' 

U.S. Congress, House oF Representatives, Committee 
v «on Science and Technology. OveTsight-Energy Supply 
andDemand Forecasts (Vol. IV) (publication no. \9). 
From the hearing before the Committee on Science and 
Technology, U*S. House of Representatives, Ninety; 
sixth Congress, first session, May 23, 24, 1979. Avail- 
able from H2-155 HOB A^nex 2, Washington, D.C. 
2051§, ' ; " ' < t 

U.S. Congress, House of Representatives, Cgmmittee 
on Science and Technology. Ppnel Concerning the Long 
Range Energy Needs of This' and Others Nations (pub- 
Jication no. 12). From the hearing beftife the CojpmiUee 
'onScience and Technology, U.S. House 'of Represen- 
tatives, Ninety-sixth Congress, fiftt^ession, May 7, 
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1979. Washington, D.C.: U.S. Government Printing 
Office, 1979. . 

U.S. Congressr House of Representatives, Committee 
• on Science and Technology. Utilities and Energy Con- 
servation; Prospects and Problems (publication no. 
MMM). Joint Committee Print with the Committee on 
Interstate and Foreign Commerce. December 1980. 
Available from H2-155 HOB Annex '2, Washington,' 
1 /D.C. 20515. 

U.S. Congress, House of Representatives, Committee 
on Science # and Technistjogy, Subcommittee on Energy 
Development and Applications. H.R. 5428, Biomass 
Research and Development Act. Hearing b/fore the Sub- 
committee on Energy Development and Applications^ 
the Committee on Science and Technology, U.S. House 
of Representatives, Ninety-sixth Congress, first session, 
November 15, 1979. Washington, D.C.: U.S r Govem- 
/^snent Printing Office, 1980. 

U.S. Congress, House of Representatives, Committee 
on Science and Technology, Subcommittee on Energy 
Researph $ncf Production. Nuclear Energy Production 
iwthe Coming Decade. From the heaftng held on Sep- 
ternljer 20, 1979, before*the Subcommittee on Energy 
Research-and-ftoduction, Committee on Science and 
Technology, U.S. House of Representatives, Ninety- 
sixth Congress, first session. Washington, D.C,: U.S.* 
Government Printing Office, 1980. 

^U.S. Congress,' House of Representatives, Committee 
; on Science and 'Technology, Subcommittee on Energy 
"Research and Production. Uranium Supply .and Demand. 
From the hearing field on -May 31, 1979, before the 
, Subcommittee on /Energy Research and Production,- 
Cdmmittee on Scjence apd Technology, U.S. House of % 
Rejjres&ntatives', Ninety-sixth Congress, fir^ session. 
Washington, D.C: U.S. Government Printing Office, 
1979. 

/ « 

U.S. Congress, Office af Technology Assessnj^nt. Al- 
* , ternative Energy Futures. Part I— The Future of the Liq- 
uefied Natural Gas Imports. Washington, D.C: U.S. 
Government Printing Office, 198(5. 

Evaluates "the economio,and energy implications of 
any future liquefied natural gas (LNG) .imports.' 9 L, 

U.S. Congress, Office of Technology Assessment. An 
Assessment of Oil Shale Technologies, Volume II: A 
History and Analysis of the Federal Prototype OitShdle 
Leasing Program. Washington, D.C: Congress of the 
Uftited$tates, Office of Technplogy Assessment, 1980. 

. Analyzes the Department of the Interior's pfototype< 
program to stimulate private investment into oil shale as 

,an # energy resource. * ! ■ 
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U.S. Congress, Office of Technology Assessment. En- 
ergy from Biological Processes. Washington, D.C: 
U.S. Government Printing Office, 1980. 

lI.S. Congress, Office of Technology Assessment'. 
World Petroltym Availability, 1-980-2000: A Technical 
1 Memorandum. Washington, D.C: U.S. Government 
Printing, Office, 1980. 

> 

U.S. Congress, Senate Committee on the Budget, Sub- 
f committee on Synthetic Fuels. Costs and Economic Con-\ 
sequences of Synthetic FuelrProposak . Hearings before 
^the Subcommittee on Synthetic Fuels of the Committee 
* on the Budget, United States Senate, Ninety-sixth Con- 
gress, first session, September 5 and. 6, 1979. Washing- 
ton, D.C: U.S. Government Printing Office, 1979. 

U.S. Congressional Budget Office. The World Oil Mar- 
ket in the 1980s: Implications for the United States. 
Washington, D.C: U.S. Government Printing Office, 
1980. 

Contains projections of U.S. supply and demand for 
oil, the world oil market and oil prices in the 1980s, oil 
and the value of the dollar, and security of supply. 

U.S. Department of Commerce, Office of Technology • 
, Assessment and Forecast, Patent and Trademark Office. 
Solar Energy: A Publication Jrpm the Office of Tech- 
nology Assessment. & Forecast. Washington, D.C: De- 
partment of Commerce, Patent and Trademark Ofgce, 
Office'of Technology, Assessment and Forecast, 1980/ 

r 

U.S. Department of Energy. Low Energy Futures for the 
Pnited States. June 198(5.' Copies available frpm: U.S. 
Department of Energy, Technical Information Office, 

* P.O. Box 62, Oak kidge, TN 37830.. 
Assesses the 'potential for change in energy-use effi-" 

ciency, based on ten stijdies. ' 

U.S. Department of Energy. U .S. Department of Energy 
Inventory of federal Energy Related Environmental and 
Safety Research. Vol. 1, 2, 3. Washington, D.Cf U.S.' 

• Department of Energy. *' 
« » " 

U.S. Department of Energy, O.S. Enefgy information 
Administration.' Annual. Report to Congress, 1979. Vol- . 
umes 2 and 3. WasHington, D.C:*^.S. Government 
Printing Office, 1980. i ; ' " / 

U.S. Energy Information Administration. A Compara- 
tive Assessment of Five Long-Run Energy Projections, 
f Washington, D.C, 1979' " % 

Summarizes five major lon^tefm forecasts -prepared 
• under similar assumptions, compares the resulkin detail 
and. explains the differences both in terms of data as- 
sumptions and. methodological approach. 1 «• r 
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- (j.S. Energy Information Administration. Energy Supply . 
am/ Demand in the Midferm: 1985, 1990, and 1995. 
Washington, D.C: U.S. Government Printing Office, 
1979. 

Presents the results of the midterm analysis portion * 
of ElA's second Annual Report to Congress. ■ 

U.S. Energy Supply Prospects to 2010. Washington, 
D.C: National Academy of Sciences, 1979. 

Presents estimates and scenarios of fossil fuel, atomip 
energy, •alternative energy sources and electric power 
supplies through 2010. 

m ^ 

U.S. General Accounting Office. Analysis of Current 

Trends in U.S. Petroleum and Natural Gas Production. 
Report to the Congress by the Comptroller General of 
the United States. Washington, D.C, 1979. 
m Analyzes the future trends in U.S. petroleum and nat- 
ural , gas production in the light. of the physical factors 
affecting that production. Indicates that it is very unlikely 
that U.S. petroleum and natural gas production can be 
increased above or even held at current levels.* 

^U.S. (kneral Accounting Office. Factors Influencing the 

• She of the U.S. Strategic Petroleum Reserve. Report to 

• fh€ Cdngress by the Comptroller General of the United 
'States. Washington, D.C, 1979. 

Examine^ the Department of Energy analysis behind 
the currently planned size of the reserve- and discusses 
factors influencing its optimal size. 

U-%. General Accounting Office. Oil and Natural Gas 
*from Alaska, Cahada, and Mexico— Only Limited Help 
for U.S. Report to the Congress by the Comptroller Gen- 
*'eral of the United States. Washington, D.C, 1980. 

• U.S. General Accounting Office. Questions on the Fu- 
ture of Nuclear Power: Implications and Trade-offs. 
Report to the Congress by the Comptroller General of 
the United States. Washington, D.C, 1979. ^ L 

Indicates that actions taken to limit or halt the growth 
of nuclear power must be accompanied by actions to 
severely limit electricity requirements or by programs 
to expand non-nuclear fuels; otherwise serious shortfalls 
9 of elqptricity supply are likely to occur in the 1980s. 

U.S. General Accounting Office. Water Supply Should 
Not Be an Obstacle to peering Enetgy Development 
Goals. Report to the Congress by the Comptroller Gen-,' 
' era! of the United States. Washington, D.C, 1980. 

Discusses and argues against the common impression 
' that the energy industry^ need for water will create se- 
vere -shorjages throughout the waer-short< energy-ricb 
* • West. Recent evidence indicates that these predictions 
are inaccuyte and that adequate water is available for 
enefgy development through at least the year 2000. 
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U.S. General Accounting Office, Comptroller General 
of the United States, Qeothermal Energy: Obstacle's and 
Uncertainties Impede .its Widespread Use: Report to the £ 
Congress. Washington, D.C: U.S.. General Accounting , 
Office, 19,80. ' ' 

9 

U.S. National Bureau of Standards. Foresight, Volume 
I— Societal Aspects £f Hydrogen Energy Systems. Pre- 
pared for the Subcommittee on Advanced Energy Tech- 
nologies and Energy Conservation Research Develop- 
ment and Demonstration of the Committee* on Science 
ana Technology, U.S. House of fofcresentatives.Wash-/ 
ington, D.C: U.S.. Government Jnnting Office, 19^9. 

m 

U.S. President's Commission on Coal. The Acceptable 
Replacement of Imputed Oil with Coal: The Staff Report 
to the President's Commission on Coal. Washington, 
D.C: U.S. Government Printing Office, 1980. 

V 

•J* 

U.S. President's Commission on Coal. Coal Data Book. 
*Wkshington, D.C,: U.S. Government Printing Office, v 
1980. 

Provides graphs, charts and statistics on U.S. coal 
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Development: 546, 555-554, 624, 625-626, 

669-495 " 
Mortality, 6, 7, 510 

Chile 

Copper resources, 518 

Liquefied natural gas resources, 741 

U S. mineral imports from. 364 
China, Committee for Scholarly Communication 
With the People* Republic of (CSCPRC),551? 
China, People's Republic of 

Agricultural production, 497, 499, 500 

Bilateral agreements with U S.. 485, 551 

Cancer. 38 ^ 

Coal resources, 3ll t 

Demographic features, 5, 10-11, 13, 14,503, 
506, 509, 510 

Earthquake prediction. 764 

Health care delivery, 476 

Landsat stations, 764, 807 

Space programs, 725 
Chinese-American community, 14, 38 
Chromium resources, 364, 366, 5l8^p, 712, 765 
Cigarette smoking, 7, 4<M1, 445, 562, 563, 573, 

578-580, 584, 656-657, 732-733 
Cities 

See Urban areas 
Citizen . . • 

See Public 
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Clean Air Act (1970), 344, 447, 448, 452, 749 
Clean Water Act (1977), lSb, 132. » 
CUMAP, 161 
Climate and weather 

Agriculture relationship. 21, 115, 119-120, 
478, 479, 491, 497-498, 783 

* Defense concerns, 711- 

International research cooperation, 177, 479," 

486, 803-404 
National Climate Program. 773, 803 
Prediction,- 723, 724 

Sun-climate connections. 160-162, 165, 166, 

180-181 ~ 
Weather modification, 803 
- See also Cftenhouse effect * 
Clinch River Breeder Reactor Plant, 744 
Cloning, 754 

See also Recombinant DNA 

Coal 

Environmental concerns; xxv, 16, 324-325, 
'446, 742-743 n 1 

* Processipg, 302,. 303, 31£-319, 321, 322, 
323, 326, 327-328, 329, 366, 464, 740, 
741-742 - » 

Supply and demand, 309, 310, 311, 736, 737, 
739 % 

Transportation. 332, 337, 746 * 
Cobalt resources, 17, 364, 517-518, 519, 520, 712, 
765 

COCORP (Consortium for Continental Reflec. 

tion Profiling), 368 
Coding/encryption systems, 242, 708 * 
Cognitive science, 75-92, 674-676, 755, 79^-794 
Collaborative Research Support Programs 
' (CRSPs), 486, 498, 499 
Colombia 

Cancer, 40 

Demographic features, 503 
Liquefied natural gas resources. 741 
Rice production. 500 
Colorado 

. Denver natural radiation, 141 t 
Henderson molybdenum deposit, 368 
* Oil shale resources. 319, 324, 329 
Piceance Basin gas resources. 141 
Colorado River, 125, 130, 802 
Commerce, Department of, 763, 782, 802 
♦ See also specific parts • * 

Commission on • . . - 

See other part of nafae 
Committee o n . . . • • 

See other pqrt of name 
Communicable Disease Center, 486 
Communications equipment/technologies, 288, 
289-25*0, 422, 793 

Aircraft, 725, 780' * 
Defense, 707-708 

International issues, 426, 469, 484, 806 
Networks, 422, 707-708, 724 

* Ships, 345, 348, 708, 725, 780 4 
"Societal impacts, 401, 404, 508 

See ahojnformanon . . . 
See also Satellites 
Communications industry, 290, 401, 422, 

424-125, 427-428 
Computer applications 

Aircratt, 297, 707, 780 
Automobiles, 299, 300, 333 . 
CAD/CAM,419, 707, 779 
Chemistry, 90, 215, 219-220, 226, 328, 714 ' 
Defense,. 706-708, 713-714, 716 
Drug industry, 215, 295 * 
_JoteatiojiaJje^aich,J8* 79, 86 t 89 
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Health care, 90,' 350, 352, 714, 716, 734 
Home. 423, 427, 792-793 
Instruction/testing, 76, 220, 426, 713-714, 

792-793, 794-795 
Mathematics, 232, 242, 243, 251, 714 s 
Office, 90, 422, 421, 427, 794 
Plant pathology, 116 
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Space vehicles, 369, 719 » 
Survey techniques, 589, 595^596-597, 599 
Traffic controh 780 
Weather prediction. 803 • 
See also Artificial intelligence 
See also Robots 
Computer science, 234-237, 251, 371, 373-37^ 
» Computer software (programming), 289, 372, 
706 

^ Computers, 421-422, 426^427, 792 
v . • Sec also Electronic components 
J See also Man-machine interface 
Conflict studies, 470, 526-527 
Congress, 129, 431, 433, 436, 437,452, 470, 487, 

496, 498-499, 794 % 
Congressional Acts 

Atomic Energy Act of 1954. 140 • 

Clean Air k Act (1970), 344/447, 448, 452, 

' 749 ? 

Clean Water Act (1977), 130, 132 
Consumer Product Safety Act. 452 
Deep Seabed Hard Mineral Resources Act. 
765 

Delaney Amendment, xxvii, 42, 447 
Elementary and Secondary Education Act. 76 
Endangered Species Act. 96 
Energy Policy and Conservation Acfof 1975. 
339, 344 

Energy Reorganization Act of 1974. I4tf 
Energy Secbnty.Act of 1980. 3ll, 329 ^ 
Energy Tax Act of 197S. 750 
Federal Environmental Pestt&de Act. 452 
Federal Water Pollution Control Act. 130, 

134, 135, 452 * 
Fire Prevention and Contftd Act, 452 
Fishery Conservation and Mfciiagement Act 
• of 1976 (FCMA), 765-766 } 
Poop*, 1 Drug and Cosmetic Act. xxvii, 295^' 

Freedom of Information Act, 663 ^ * 

Immigration Acts. 13, 14 
Mansfield Amendment of 1969. 400 
Merchant Marine Act of 1936/1970 

Amendment*. 334 
Mine Safety and Health Act. 452 
Morrill Act of 1863. 255 
Motor Carner Act of 1935. 336 
National Aeronautics and Space Act of J958, 
718 

* National Defense Education Act of 1958. 550 
National Earthquake Hazards Reduction Act. 
452 

National Energy Conservation Policy Act. 
302 

National Environmental Protection Act. 96, 
133, 140 

0 National Gas Policy Act of 1978. 747 
6 National Materials and Minerals Policy. Re- 
search and Development Act of 1980. 765 
National Science and Technology Policy, Or- 
ganization and Priorities Act of 1976, i, 
xvii, 389 
Noise Control Act, 452 
Occupational Safety and Health Act. 452 
°Patent Act of 1790. 436 * 
Plant Patent Act of 1930, 436 
Plant Variety Protection Act«of 1970, 436 
Resource Conservation and Recovery Act, 
452 

Safe Drinking Water Act of 1974. 126, 448, 

¥52, 763, 773 
Stevcnson-Wydler Technology-Innovation 

Act of 1980, 408 
Tax Reform Act of 1976, 612*~ - „ 
Toxic Substances Control Act of 1976, 4£, 

132-133, 448, 450, 452, 769 
Water Research and Development Act of 

1978, 763 

Congressional Research 41 Service (CRS), 452 
Consultative Group on International Agri- 
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* cultural Research (CGlXR), 480, 486, 498,' 
499, 500, 801 
Consumer electronics industry, 399, 407, 

409-416 
Consumer Price Index, 595 
Consumer Product Safety Act, 452 
Consumer, Product Safety Commission, 402, 

450, 452, 731 • f • * 

Contraception * 

See Family planning 
Convention or Long-Range Iransboundary Air 

Pollution, 804 " A 

Convention on the Conservation of AntarctHr * 
Jl Marine Living Resources, 804 > 
' f Cooperative Automotive Research Program 
(CARP), 463 . * 

Copper resources', 17, 364, 365, 366, 518, 519, 

520, 804 
Copyright, 427 . 
• Cost/benefit analysis, 446, 448-449, 453, 768 
See also Risk/benefit analysis 
Cotton Development International (CD1), 484 
Council . . . 

See other part of name 
Court actions 

fetenting of living organisms. 435-436, 438 
Risk assessment. 453 
Crime/prisons, 654-656, 671-672 
Crop productivity, 492-494, 496-497, 783-784 
See also Plants 

Cuba 

Crop losses, 114 • 
Cubaji crisis, 525, 527 
Demographic features. 6 
^Cultural factors, 415-416, 547-548, 564, 576, 
625, 628, 673 
Current Population Survey, 591, 592, 593/596, 

599, 603, 605, 606, 611, 612 
Cyprus 

Copper ores. 366 
Czechoslovakia 

Demographic features. 9 
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Data bases, 425, 427 

HealttVchemistry. 35, 219-220, 731, 734 
Statistical (government records). 554, 
611-613, 662-664 - 
Data processing 

See Computers 
See Information 
Decisionmaking (human), 88-89, 90-91, 92, 

714-715 * 
Deep Seabed Hard Mineral Resources Act, 765 
Defense, 469-471, 523-531, 703-716 

Aeronautical technologies. 297, 707, ' 

708-709, 711 
Communication technologies, 707-708 
Electronics/computer technotogiesT704-707 
Health concerns, 715-716 
Manpower, 713-715 
/ Materials technologies, 711-713 
Nuclear test verification, 710 , * 
Philosophy/theories, 469-470, 523-531, 547 
R&D support (Europe). 258, 263, 269, 274, . 
279 ' 



R&Dsupport(U.S ), 258, 279, 400, 471, 704 
R&D support (U.S.S.R.). 704 
Radioactive wastes. 145-146, 153 
Science and technology effects on, 469-471, 

523-531 
Space defense, 709 
US. leadership in. 704 
Weapons systems. 710-711 
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Defense Advanced Research Projects Agency 
(OARPA), 275, 708* 709, 710, 711, 712 

* Defense Communication Agency (DC A), 708 
Defense, Department of, 298, 320, 342, 530, 

703-716, 718, 792, 796; 797 

See also specific parts 
Deforestation 

See Forest resources « -* / 
Delancy Amendment, xxvii, 42, 447 
Delaware River Basin Commission, 134 
Democratic Republic of Germany 
* See Germany, Democratic Republic of 

* Demography, xxvW-xxix, 3-25, 50W11, 554 

See.Hlso-Age stricture of population 
See also specific demographic variables 
Denmark 
< Canqer, 40 
* Cardiovascular disorders. 729 

Demographic features. 9 
Dental research, 733 

Department of . . - r 

* See other part of name 
Desertification 

See Arid lands ^ m 

Developing countries, 464-467, 475-490 

Agriculture and food, xxix, 15, 477-478, 

480. 507, 780*787, 801 
Competition with. 482, 483 
Demographic features, xxlx, 4, 5-6, 8, 
10-12, 14, 18, 23, 479, 480, 491, 503-506, 
508, 509-510, 800-801 
Ecological concerns. 478-479, 480 
Economic development/labor. 479, 508, 

518-519, 801 
Energy. 477, 478 
Environmental concern. 480 
, Foreign assistance, xxvili, 2 2, 465*466, 477, 

485486 * 
Geophysical research. 479 
Health care. 476, 477, 805, 806 
* Information/communications. 469, 483-484, 
758, 806 
Remote sensing. 486, 807 
Resources/raw materials. 484, 518-519, 765 
Science and technology infrastructure. 

465466, 480-482, 801-802 
Technology pohcy toward. 465-466, 483 
See also International research cooperation 
See also specific countries 
Devonian shale, 310, 319, 739, 741 S 
Diabetes, 30, 46-51, 733 
Disarmament, 470, 527 
Disease 

See Health and medicine 
See specific disorders 
Disease Control,. Centers for (CDC), 731, 734 
Divorce 

See Family characteristics 
DNA, 37, 39, 103, 117, 190-191, 353-354, 754 

See also Recombinant DNA 
Domestic Policy Review 

Industrial Innovation. 418 
Drinking water, 125-127, 137, 763, 772-773 
Drug abuse, 731, 733 
,„ Drug synthesis, 50, 211, 213-215, 226, 293-295, 
352; 355, 375, 432, 728, 730 

See also Pharmaceutical industry 
duPbnt, 418 
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Earth Day, 1970, 402 
Eastern Europe 

See Europe 
Ecology 

See Ecosystems research 
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Economic Advisers; Council of 

1981 report. 398, 400 
Ecosystems research, xxilt, 95-109, 132-134, 136, 

138, 478-479, 480 
Ecuador 

Demographic features. 70 
Education, 7B-7J4, 791-798 

Cognitive science. 75-92, 674-676, 755, 
793-794 

Employment relationship, 630, 632-633, 643 
. See also Education (Curricula) 
Sec alsoVmversities 
Education (Curricula), 792 
Adult education. 643 
Business education, 400, 4J8, 419 
Defense training. 714 
Mathematics. 243, 797 
Polymer science. 205 

Science and engineering, xxiv-xxv, 426, 

795-798 
See also Universities 
Education, Department of (ED), 792, 795 

See also specific parts 
Educational Research and Improvement, Office 

of (OERI), 792 
Egypt * v 

Demographic features. 4, 8, 10, 503 
Elderly, xxix, 7-«, 9, 628, 642, 733, 789 

See also Aging 
Electric power generation, 303, 311, 357, 
358-359,360-362,746 '* 
Electric Power Research.Institute, 301, 320, 358, 
454 

Electric vehicles, 342, 347-348, 359, 750, 

777-778, 780 
Electronic components, 221-222, 226,^288-290, 
297, 355-359, 704-706, 757, 758 

See also Communications technologies 
See also Computers # 
See also Consumer electronics industry 
iee also Information technologies ~ 
Electronic mail systems, 427 
Electronic publishing, 427 
Electronic warfaref 7*^706 " 
Elementary and Secondary Education Act, 76 
Emigration 

- See Migration 
Employment 

Demographics relationship. 9, 10, 508, 
642-643 - 

EcSicanon relationship. 630, 632-633, 643 
Llcspan perspective. 627, 6?8, 629—633, 

642-643 
Measurement. $56, 653-654 
Scientists and engineers, xxv, 257, 281, 283, 

601-602 
Women. 633*, 687-688 
Endangered species, 478-479, 488 
Endangered Species Act, 96 
Energy, 17, 300-304, 309-330, 374, 735-752 
Agricultural concerns. 16, 116 
Conservation. 291, 302, 337, 736, 749-750, 
777 

rpeveloping countries. 477, 47£ 
Environmental concerns, xxv, 16, 324-325, 

446, 739, 742-743, 769 , 
Foreign trade. 3U» 332, 337 »' 
International cooperation. 303, 304, 464, 

486-487, 802 
Overview of options* xxv, 1 6, 301-302, 

303^304r309;3O,T3297738 — 

R&D funding. 300-301, 302, 738 
Renewable 'sources. 747-749 
Risk assess me rtyrfcm pari son. 446, 447 
Statistics gathering. 595, 603, 613, 650 
Storage systems, 359-363, 746-747 
Supply and demand, xxv, xxvi, 16, 301; 

309-311, 513-522, 736-737 
Supply interruptions, 467-468, 520-^521 
, Transportationconcerns, 296-297, 299, 301, 



303, 304, Ql, 337-342, 347-348, 
736-737, 749-750, 777-778 
Transportation of, 311, 326, 332, 337, 517, 
746 

Waste sources. 748-749 

Water concerns. 125, 326 

See also specific forms of energy 
Energy, Department of (DOE), 140, 148, 300, 
301,. 320, 367, 447, 470, 486, 603, 735-752, 
4 763, 769, 773, 782, 792, 796, 797, 804 
Energy Information Administration (EIA), 595 , 
Energy Mobilization Board, 302 
Energy Policy and Conservation Act of 1975, 339, 
, 344 

Energy Reorganization Act of 1974, 140 
Energy Research Advisory Board JERAB), 748 
Energy Security Act of 1980, 311, 329 
Energy Tax Act of 1978, 750 . 
Engineers , 

See Scientists and Engineers 
• Engines (combustion equipment), 328, 339-342, 

344, 346, 369, 708-709, 7*1, 713, 749, 771 
England 

See Great Britain 
Environment, 767-773 

Afcwwltural concerns. 130-131, 493-494, 
499, 782 

Energy pollutants, xxv, 16, 324-325 , 446, 
^ 7*39^742-743, 769 

Global concerns, 462, 467-469, 480, 

804-805 
Health cdncems. 730-731 
Regulations. 402404, 464, 468 
Transportation pollutams, 299, 344-346, 

452, 454, 771 
See also specific topics > 
See also specific types of pollution 
Environmental Impact statements, 133, 152 
Environmental Quality, Council on, 140 
Environmental Protection' Agency {EPA), 126, 
131, 133, 136, 140, 142, 144, 344, 346, 402, 433, 
438, 448, 450, 452, 454, 728, 731, 763, 769, 782 
Equatorial Magnetosphere Laboratory (EMU, 
172 

Ethanol, 212, 312, 313, 322, 476, 478 
Ethics % 

Data uses. 612 

Drug testing. 295 

Moral behavior development^ 675, 676-680 
Recombinant DNA research. 430, '436, 

438-439 
Science as a political threat. 526 
Europe 

Aircraft industry. 298 

Automobile industry. 346 

Cardiovascular disorders. 729 

Chemical industry. 291 

Cognition research. 91 

Demographic features. 3, 8-9, 12, 13, 505, 

506, 510 

Dependence on foreign oil? 468 < 
Risibn magnet development. 358 
Research and development, xx, 255-284 
Robotry research. 90 
Scholarly exchange program. 551 
Sde also specific countries 
European Economic Community, 298 
European Molecular Biology Organization, 262, 
274, 279 

European Organization for Nuclear Research 
(CERN), 261, 263, 265, 269, 270, 274, 279, 303, 



- ~J$7-358~~ " 
European Science foundation, 262 
European Space Agency (ESA), 172, 261, 720, 

721, 72$, 807 
European Space Sciences Organization, 274 
Evolution (natural selection), 103, 105-107, 108 
Explorer I, 177 „ \ 
Exports • 

See Foreign trade ( 
Exxon, 319, 324, 419, 740 
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family characteristics, 12, 19, 510, 627, 637-641, 
651-452, 653, 659, 687-691, 732 

See also related Socioeconomic factors 
family planning, 8-9, il,>12, 19, 467, 479, 485, 

508, 50&-510, .801 
Federal Aviation Administration (FA A) 333, 345 
Federal Communications Commission (FCC) 

290, 425, 427 
Federal Emergency Management Agency 

(FEMA), 452 
Federal Energy "Administration, 516 
Federal Environmental Pesticide Act, 452 
Federal Interagency Advisory Committee on Re- 
* l combinant DNA Research, 433 

Federal Privacy Protection Commission, 425 
Federal, Railroad Administration, 335-336 
Federal regulations 

See Government regulations 
Federal Republic of Germany 

See Germany, Federal Republu of 
Federal Trade Commission, 418 
Federal Water Pollution Control Act, 130, &4, 

135, 452 
Federal Svildlife Service, 7o2 
Fermi National Laboratory, 358 
Fertility. 3, 8-12. 19. 22, 23, 105-106. 467, 
503-504, 508, 509-510 
See also Family planning 
A Fiber optics 

See Optical fibers • 
^nishes industry, 292 

Finland ^ " 

Cardiovascular disorders. 31, 580, 729 
Demographic features. 9 
Fire Prevention and Control Act, 452 
Fishery Conservation and Management Act of 

1976 (FCMA), 765-766 
Fishery resources, 17, 99-100, 102, 723, 765-766, 
804 

Five-Year Outlook ^ t k " \ 

Preparation, i, xvii, xxii, 389-3191, 394', 7$\ 
Purpose, xvii,* xix, 389, 393, 545, 553 
Florida 

Natural fodiation. 141 
Fluorine imports, 364 
Food 

See Agriculture 
# See Nutrition s 
Food and Agriculture Organization (FAO), 507, 
'801,804 4 * 

Food and Drug Administration (FDA), 295, 433, 

447, 449 x 450, 452, 467, 728, 731, 7*34 
Food, Drug and Cosmetic Act, xxvii>.295, 452 

See, also Delaney Amendment 
Food Safety Council, 453 
Ford Foundation, 550. / 
Foreign trade, xx, xxi, 285, 30^ 400, 465-464, 
472, 521, 777, 778 

Aircraft. 298, 304, 346, 778-779 ' 
Automobiles. 304, 346, 475, 519, 778, 779 
Chemicals. 291, 304 • 
Drugs.-296, 485 

Electronics. 304, 399, 410, 411, 475 
Food, 15, 468, 477-478, 494, 783 
Foreign policy tool. 468, 471 

Fbssil-fuels^3l0,-332r337r741^77 — — 

Hazardous substances/ wastes. 484-485, 805 
Marine transportation . ^34-335, 779 
Mass transit vehicles. 778 
- Nonfuei minerals. 563, 364^67518-519, 
520, 765 & 
Steel. 519 

Technology, xxi, 4*3, 465, 468, 471, 483 
Textiles, 519 
Uranium. 468 

U.S. trade balance. 287, 777 



Forest resources, 17, 96-97, 98 , 480, 488, 500, 
762^7^3, 800, 802 

See also Wood 
Forest Service, 100, 762 
Fossil fuels, xxvi, 309-338, 730 

See alsct specific fuels * 
France 

Airplane manufacturing. 346, 778 s 
, Demographic features. 3, 9, 14, 20 
Drug companies, 296 
Energy development, 303 
Neutron scattenng experiments, 197 
Productivity growth, 286, 408 
Radioactive waste management, 150 
( Seabed mining, 765 

Space/satellite programs, 725, 807 v 
See also Research and development, France 
Freedom of Information Act, 663 
Fuel.science, xxvi, 309-330, 738-742 

See also specific fuels 
Fulbright Program,- 551 
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Gabon 

Natural fission reactor. 144 

U S mineral imports from. 364 

Galapagos Islands 

Ore deposits. 366 *• 

Galileo project, 722 

Gamma Ray Observatory, 720 

Gas 

See Natural gas. 
Gas Research Institute, 301 
Gasoline, 301, 312, 317, 321, 777' 
Gender differences 

See Sex differences £, » 
Genentech, 429 

General Accounting Office (GAO). 452, 455 

.General Electric, 410, 414, 415, 416. 418 

Generators, 358, 709, ?47 

Genetic defects of metabolism, 64-65 

Genetics Institute, 430 

Genetics research 

Humans. 53-54, 351-352, 353-354, 
568-569, 570, 582-583, 732, 754 

Plants, xxix, 103, 112-113, 116, 117-118, 120, 
754, 784 * 

See also DNA 

See also Recombinant DNA ' 

See also RNA 
Geological Survey, 468, 486, 516, 741, 763, 764 
Geology, xxiii, 364-366, 514-515, 518, 521, 
755-756 

Geomagnetic Tall Laboratory (GTL), 172 
Georgia 

Shenandoah solar thermal project. 747 * 
Geostationary "Orbit Environmental Satellite, 
724 

Geosynchronus orbit, 179, 426, 719, 724, 806 
Geothermal energy, 748 
Germany, Democratic Republic of 

Demographic features. 9 * , 

^ate]litej^grarns^07- 
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Aeronautical R&D, 346 

Cardiovascular disorders. 729 

Coal development. 303, 312-313*, 314, 

317, 464 / 
Compressed gas facility. 361 
Demographic features. 9, 13, 14, 19 
Drug companies, 296 
Infant development study, 673 
Munitions development, 711 
Neutron scattering expenments, 197 
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Polymer science education, 205 
Productivity growth, 286, 408 
Railroad technology, 336 
Seabed mining, 765 ( ' 
Space programs, 807 

See also Research and development, 
Germany 

Global Atmospheric Research Program, 486 
Global 2000 Report, 475, 492, 506-507, 723, 762, 
800 

Glomar Challenger (drillship), 166, 710 
Gold resources, 365, 366 
Government data collections, 554, 556, 611-613, 
662-664 

Government/industry relationship, xxi, 281-282, 
* 283-284, 304, 328, 418, 429-439, 463-464, 
483,754,797 v • 

Government regulations 

Centralization, 403, 405. 453 
Excess, 404, 443, 452, 453, 456, 557 
Federal vs local control. 134, 140 
Vs innovation/productivity, xxviii, 295, 304 
Vs international competitivcposition, 464, 
468 

See also Antitrust policy 
See also Congressional Aits 
See also Tax policy t 
'Government/university relationship, 279-280. 

282, 328, 436, 437. 796, 797 ' 
Graduate schools 

See Universities 
Great Britain 

Aeronautical R&D, 346 
Demographic features, 9, 13, 14. 19 
- Disea.se incidence^ 40, 54 
r Drug companies. 296 
Energy development, 302, 303 
Particle physics facilities. 261. 265 
Productivity growth. 286, 408 
» Radioactive waste management. 147, 150, 
303 

Risk assessment. 446, 456 

Space research. 720, 725, 807 

Unemployment. 463 • 

Water pollution control, 133, 135 

See also Research and de\elopmetit, Great 
Britain 
Great Lakes, 335, 802 
Greece 

Demographic features. 9 
Green River oil shale, 319, 329 
Greenhouse effect, xxv, 4, 16, 160, 161, 162, 325, 

468, 480, 742, 756, 800, 805 
Gross National Product (GNP) projections, 507, 
800 ft 
Guatemala 

Energy-efficient stoves. 477 
Guinea e 

Bauxite resources. 518 
Gulf Coast 

Energy development, 310, 323 

Waste Disposal Authority, 135 
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Handicapped education, 76, 794, 795, 796 
Harvard University, 402, 419, 430, 437 ' 
Hazardous materials ' 

Se& Toxic substances 
Head Start, 76, 591, ($13 
Health and Human Services, Department of 
(HHS), 727-734, 782 

See also specific parts * * 
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Health and medicine, 27-57, 561-588, 727*734 
Defense concerns, 715-716 
Developing countries. 476, 477, 805-806 
Health care, delivery, xxix, 575, 734 
information systems, 90, 714, 734 
information transfer, 56-57, 728, 733-734 
instrumentation. 43, 350-353, 374-375, 
j 447-448, 449 

international research cooperation. 486, 801, 
806 

Lifestyle factors. 2W0, 35, 4<M1, 51, 546, 
. 561-588, 729, 731-732 
Manpower.- xxv, 797 

Research, xxiii, 18, 56, 57, 279, 282, 728 

Space concerns. 719, 722 

Technology assessment. 734 

See also National Institutes of Health 

See also specific disorders 
Health Effects Institute, 454 
Heart diseases 

See Cardiovascular disorders 
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562, 564, 584-585 
Motility (biological organisms), 203-205 
Motor Carrier Act of 1935 , 336 
Motor vehicles. 

See Automobiles . 

See Trucks 
Mount Palomar Observatory, 256 , 370 
Mount St. Helens,162, 764 - 
Mozambique 

_ Cancer. 40 *> 
Multinational companies, 296, 303, 463, 465, a 

483, 529, 547, 548, 554 . 
Muscles, 203-205, 581 



N 



National Academy of Peace and Conflict Resolu- 
tion, 470, 5^7, 528 
National Acid Precipitation Program, 769 
National Aeronautics and Space Act of 1958, 718 
National Aeronautics and Space Administration, 
(NASA), 169, 172, 176,' 181, 298. 339, 342, 345, 
3*7, 486, 708, 717-725 , 749. 762 , 763, 76\ 
773, 782, 792, 796, 807 
National Ambient Air Quality Standards 

(NAAQS), 324* 
National Bureau of Economic Research, 550 
National Bureau oTStandards, 453 
National Cancer Institute, 35, 126 .,730, 731 * 
National Center for Health Services Research, 
734 

National Center Jor Toxicological Research, 455 
National Climate Program, 773, 803 
National Commission on Libraries and Informa- 
tion Science, 424 
Na/ional Council of Churches, 438 
National Qgpxicil on Radiation Protection and 

Measurement, 142, 452 
National Defense Education "Act of 1958, 550 
National Earth Satellite Service (NESS), 724 
„ National Earthquake Hazards Reduction Act, 
452 

National Endowment for the Humanities, 
550-551 • 

National Energy Conservation Policy Act, 302 
National Environmental Protection Act, 96, 133, 
140 

National Fire Prevention and*€ontrol Admin- 
istration, 452 
Natkwaf Gas Policy Act of 1978, 747 r 
National Heart, Lung and Blood Institute 

(NHLBI), 730 
National Institute for Occupational Safety and 

Health (NIOSH), 402, 433, 731 
National Institute of Education (!£IE), 795 
National Institute of Environmental Health Sci- 
ences (NIEHS), 731 
National Institute of Mental Health (NIMH), 792 
National Institute on Alcohol Abuse and Alcohol- 
ism (SlAAA), 732 
National Institute on Drug Abuse (NIDA), 732, 
735 

National Institutes of Health (NIH), xxiv, xxv, 
279, 282, 453, 550, 582, 734, 792, 796, 797, 801 
Recombinant DMA guidelines, 353, 402, 
404, 430, 431-433, 43^439, 728 

See also specific parts v 



National laboratories, 256 , 257 , 278, 796 
See also specific laboratories 

National Library of Medicine, 731, 733 

National Materials, and Minerals Policy, Re- 
search and Development Act of 1980, 765 

NationaUkeanic and Atmospheric Administra- 
tion A), 721, 724, 762, 764, 765, 769; 773, 
802 ow4 « • 

National Opinion Research Center, 549-550, 601, 
603,607 ^ 

National Park Service (NPS), 76? 

National Science and Technology Policy, Organi- 
zation anfl Priorities Act of 1976, j, xvii, 389 

National Science Board, 660, 661° 

National SciencyCouncll proposal, 452 , 454 

NationaKdence Foundation (NSF), xix, xx, xxiv, 
256, 279, 280, 368, 423, 453,' 498, 550, 551, 
64), 762, 763, 773, 792, 795, 802 

National*security ^ 
See Defense 

NationaKTechulcal Information Service (NTIS), # 
483 N \ 

National Toxicology Program, 450, 453, v 731 

National Uranium Resource Evaluation Pro- 
gram, 367 

National Weather Service, 764 

Natural gas', 309-310, 311, 737, 739, 7*0-741, 746 

Natural hazards, 162, 445, 450, 4Sl. 455, 723, 
755, 756, 764-765 

Natural resources 
See Resources 
See specific resources 

Navy, Department of the, 180, 706, 707. 708, 712 

Nebraska 

Cropping systems. 116 

Neptune* 161 

Netherlands « 

Aeronautical R&D. 346 
Demographic features. 9 
Productivity growth. 408 * 
Space/satellite r*ograms. 720, 807 
Neurobiology, 63, 76-77, 294, 574, 575, 576-577, 

583, 731-732, 733, 755 
Nevada 

Gold deposits. 365 
^"Volcanic tuff sites. 151§ 
"New Caledonia 

U S. mineral imports from, 364 
New Jersey 

Environmental concerns. 446 
Negative Income Tax Expenment. 591, 610, 
611 

New Mexico 

Volcanic tuff sites. 151 

Waste Isolation Pilot Plant. 152 

Water desalting plant site. 763 
New York State 

Love Canal, 452, 454, 768 

Water resources contamination, 128, 132 
New Zealand 

Demographic features, 9 

Synthetic fuels. M7 
Nickel resources,' 364,320, 765, 804 
Nigeria 

Cancer. 40 a 

Demographic features. 10, 12 
Liquefied natural gas resources. 741 
Nimbus satellites, 161, 176 t 
Nixon, Richard, 14 / 
Nobel Prizes, 232, 255, 259, 271, 278, 429 
Noise Control .Act, 452 
Noise pollution, 299, 345-346, 716 * 
Nonfuel minerals, 16-17, 363-368, 517-521, 765, 
803 

See also Bfsourxes 
See also 'sgec{fi} fyinerals 
North America 

Demographic features. 9, 12, 14, 505 
See also specific countries 
NorthAtlantic Treaty Organization, 261, 471,710 



North Carolina « , 

'Fort Bragg packet radio network, 708 * 

Norway 
- s Demographic feature's. 7, 9 
Satellite programs. 807 
Nuclear fission, 16, 302, 303, 743-746 
. Developing countnes. 478, 486 
% Risks/safety, xxv, xxvi, 139, 146, 445, 446, 
*447, 451,452,454, 470,745 
Nucleat fusion, 16, 177, 182, 358? 745, f 51-752- 
Nuciear Regutftory Commission, 140, 142, 447, 

452, 744" 
Nuclear Safety Analysis Center, 454 
Nuclear waste management, xxvi, 139-155, 453, 
744-745 

Nuclear weapons, 525 , 529-530, 752 
/ Testing. 142, 148, 710, 731 
Nutrition, xxiii, 59-73, 785-787 



O 



Oak Ridge National Laboratory, 147, 148, 197, 

358, 746 
Obesity, 49, 51, 61-64, 445, 569 
Occidental Petroleum, 321 9 
Occupational health and safety, 142, 

445, 449, 453, 455, 731 
Occupational Safety and Health net, 4 
Occupational Safety and Health Admlnlst 

402, 449, 450, 452^453, 728, 731 
Ocean Science In Relation to Living Resou 

Program, 804 
Ocean thermal energy conversion (OTEC), 74, 

804 * 
Oceans, 756 

Ecosystems. 99, 101, 102 
Energy resources. 749, 804 
Fishery resources. 765-766, WM, 805 
International research cooperation. 479, 756, 

804, 805^~i— / 
Junsdicyonai issues, 365, 469, 479, 765, 804 
MinW resources. 365-366, 479, 520, 765, 

* Nuc£ar test verification, 710 
Pollution. 766, 805 
Waste disposal. 147-148, 153, 805 
Office of . . . 

See other part of name 

Ohio 

Environmental concern, 446 
PortsmoutJi^Gas Centrifuge Enrichment 
Plant. 746 
Ohio River, 335, 337 

Ohio River Valley Sanitation Commission, 134, 

135 
Oil 

See Petroleum 
Oil shale, 310, 311, 317, 318, 319-321, 323, 324, 

326, 327, 329, 342, 739, 74(T 
OPEC, 22, 507, 517 
Optical fibers, 222-223, 290, 758, 793 
Organ failure, 65-66 

Organization for Economic Cooperation and De- 
velopment (OECD), 285, 464, 660-661, 802 

Organizational behavior, 404-406, 548, 659, 665 

Origin 6f Plasmas in the Earth's Neighborhood 
(OPEN) Program, 172 

Ozone, 159, 161, 175, 176, 177-178, 480, 756, 800, 
805 V . 



Page numbers i-385 arc in the first Source Volume: page numbers 387-807 are in the second Source Volume. 



Index 8: 



Pacific Coast * 

Ecosystems research, 99, 401 

Pacific Ocean 

Radioactive debns, 148 
Seabe4 mineral resources, 365, .765 
' Pain research, 215, 576-577, 580, 581 

Pakistan y 
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